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VOORWOORD 
Net zoals het benutten van talige diversiteit op school iets is wat je niet alleen doet, realiseer je 
ook een doctoraat niet op je eentje. Doorheen mijn doctoraatstraject ben ik heel wat mensen op 
mijn weg tegengekomen. Met het einde in zicht is dit de gepaste plaats om allen te bedanken die, 
direct of indirect, hun steentje hebben bijgedragen om dit doctoraat te doen slagen. 
Mijn promotor, Prof. dr. Johan van Braak. In de eerste plaats wil ik je bedanken om mij de 
vraag te stellen of ik interesse had voor een job als onderwijsonderzoeker. Op die manier heb je 
mij de unieke kans gegeven om zo’n boeiend doctoraat op te starten en deel uit te maken van het 
Validiv-project. Daarnaast wil ik je bedanken om altijd met veel interesse en waardering mijn 
papers te lezen en te voorzien van constructieve feedback, maar ook om mij de ruimte en het 
vertrouwen te geven om zelf mijn weg te vinden in de onderzoekswereld. Hierbij heb je me de 
nodige ondersteuning geboden en me altijd geholpen om “the bigger picture” te blijven zien. Tot 
op het einde heb je nagelezen en suggesties gegeven, en dat apprecieer ik enorm. Het toont je 
nauwgezetheid en je engagement voor zowel onderwijs als onderzoek. Ik zou zo weer opnieuw 
beginnen aan een doctoraat met jou als promotor. 
De leden van de begeleidingscommissie, Prof. dr. Susan McKenney, Prof. dr. Mieke Van 
Houtte, Prof. dr. Wouter Duyck en Prof. dr. Ruben Vanderlinde. Van harte dank voor jullie 
waardevolle feedback, jullie tijd om (fysiek of virtueel) aanwezig te zijn bij de bijeenkomsten en 
jullie betrokkenheid in het slagen van dit project. Jullie kritische blik en constructieve suggesties, 
elk vanuit jullie eigen expertise, hebben dit proefschrift naar een hoger niveau getild. Een 
bijzondere dankjewel aan Susan: je frisse blik op de zaken en aanstekelijke energie maken het 
een hele fijne ervaring om met jou samen te werken. Ik ben blij dat je tijd hebt gevonden om 
samen met Johan en mij je schouders te zetten onder de bijdrage rond het design van E-Validiv. 
Het voltallige Validiv-team. Promotoren en coördinatoren, bedankt om Validiv mogelijk te 
maken. Hierbij wil ik in het bijzonder Piet, Mieke en Stef bedanken om met veel interesse mee te 
denken over de gezamenlijke projecten met Anouk en Kirsten. Orhan, dankjewel om ooit eens 
het geweldige idee in je hoofd te halen van een meertalige digitale leeromgeving, om me wegwijs 
te maken in de wereld van de logfiles en om op je eigen onnavolgbare manier te supporteren. 
Sven, bedankt dat we altijd bij jou terecht konden voor goeie raad; jouw kennis van de literatuur 
en alles wat met meertalig onderwijs te maken heeft, is grenzeloos. Lore, dankjewel om ons zo 
goed bij te staan met raad en daad, wanneer je maar kon. Je nauwgezette feedback en 
bemoedigende schouderklopjes hebben een immens verschil gemaakt. Ook een hele dikke merci 
aan al wie heeft meegewerkt aan het mogelijk maken van E-Validiv, zowel op inhoudelijk 
(Anouk, Kathelijne, Lies, Vicky, Jota, Beth, Hannelore en Roselien) als technisch vlak (Gerald, 
Laura, Miel en Steven). Zonder jullie was er nooit sprake geweest van een digitale leeromgeving. 
De leerlingen, leerkrachten en directies van de deelnemende scholen. Van harte 
bedankt om de sprong in het diepe te wagen; dat is zeker niet vanzelfsprekend bij een 
innovatieproject zoals Validiv. Zonder jullie bereidwillige medewerking om de vragenlijsten in te 
vullen en E-Validiv in jullie klas te introduceren was dit onderzoek nooit mogelijk geweest. 
Mijn Validiv-maatjes, mijn ‘partners in crime’: Anouk, Kathelijne, Kirsten, Lies en Jill. 
Ook de Validiv’ers die ik onderweg ben tegengekomen, verdienen hier een speciale vermelding: 
 Vicky, Evita, Ilona, Iris en Koen. Ik kan me niet voorstellen hoe het Validiv-project er zou 
uitgezien hebben zonder jullie: jullie zijn een echt TOPteam! Het meedenken over elkaars 
onderzoek, samen projecten opzetten, elkaar aanmoedigen, frustraties én goed nieuws delen,… 
Dit alles heeft het traject zoveel fijner gemaakt. Ook op de onderzoekscafés, de picknicks en de 
uitstapjes kijk ik met een warm gevoel terug. Doorheen de jaren zijn jullie zoveel meer 
geworden dan louter collega’s. Ik hoop dat we elkaar ook na dit avontuur nog vaak mogen 
tegenkomen.  
Alle collega’s van de vakgroep Onderwijskunde. De vakgroep is een heel boeiende, 
uitdagende en fijne werkomgeving, en dat heeft alles te maken met de mensen die er werken. 
Bovendien weten jullie als geen ander wat een doctoraat allemaal met zich meebrengt. Heel erg 
bedankt voor de gezellige babbels tijdens de middagpauzes, het behulpzame advies en de toffe 
compagnie tijdens de traktaties, vakgroepuitstappen en conferenties (inclusief de road trip ;-) ). 
Een bijzondere dankjewel aan Koen voor alle inhoudelijke, methodologische en andere goede 
raad; aan Lisa en Jo voor de feedback op bijdrages en de schouderklopjes; en aan Debbie, Béné 
en Emme voor de morele en logistieke steun bij de eindspurt.  
Natalie, mijn ‘office buddy’. Ik ben zo blij dat ik jou als bureaugenootje heb gehad: van in het 
begin heb je met veel interesse geluisterd naar alle ups en downs in mijn traject. Bedankt voor 
alle tips en tricks, de positieve vibes en fijne lunchpauzes. En vooral een hele dikke merci voor 
het delen van alle grote en kleine levensgebeurtenissen naast het doctoraat. 
Mijn familie en vrienden. Bedankt voor de interesse die jullie toonden voor mijn doctoraat, 
maar vooral om het even helemaal te laten voor wat het was. Sanne, Anaïs, Lynn, Bianca, Evelien 
VH en Hannelore: dankjewel voor de uitstapjes, bezoekjes en vooral het gezellige samenzijn. Dit 
was een heel welkome afwisseling om de batterijtjes weer op te laden. 
Mijn ouders, Annelies en Robby. Jullie stonden er aan de ene kant het verst vanaf maar aan 
de andere kant hebben jullie het ook van het meest dichtbij meegemaakt. Bedankt voor de 
onvoorwaardelijke steun en aanmoedigingen de voorbije jaren. Jullie hebben me door dik en 
dun bijgestaan, tijd vrijgemaakt, ook wanneer het niet goed mee zat, en er als geen ander voor 
gezorgd dat ik mijn doctoraat even helemaal opzij kon schuiven met bezoekjes, concerten en 
uitstappen. Dat was ideaal om een goed evenwicht te vinden tussen mijn doctoraat en al het 
waardevolle dat daarbuiten ligt. 
Mama en papa. Ik heb het voor een belangrijk deel aan jullie te danken dat ik zo ver ben 
geraakt. Jullie huis is een warme thuis waar ik nog altijd graag terugkom. Jullie hebben mij alle 
kansen gegeven en omringd met immens veel liefde en steun op alle vlakken. En jullie hebben 
mij bijgebracht om altijd te streven naar het best mogelijke. Dit alles heeft mij de nodige houvast 
gegeven om ook dit project tot een goed einde te brengen, waarvoor immens dankjewel. 
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Decisions that are made about what will be accessible to children 
help shape the kinds of minds they will come to own. 
(Elliot Eisner) 
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Chapter 1 
General introduction 
 
 
Abstract 
This introductory chapter gives a general overview of the central research theme and the different 
studies presented in this dissertation. The first section describes the context in which the research 
took place. The second section provides the theoretical background for the dissertation, focusing 
consecutively on language in general, and the home language in particular, as a support for 
students’ learning process; different forms of education integrating language minority students’ 
home language; computer-based learning environments as a possible way to appeal to the 
challenges of today’s linguistically diverse classrooms; and E-Validiv, the computer-based learning 
environment developed within the framework of this dissertation. In the third section, the main 
research aim is outlined, together with the specific research objectives. The fourth section presents 
the design of the different studies, with a description of the methodological approaches. 
Furthermore, an overview is given of the different chapters and their interconnectedness, together 
with a visualization of the dissertation’s structure. The final section of this introductory chapter 
considers the theoretical, empirical, methodological, and practical relevance of the dissertation. 
 
1. Research context 
Many of today’s societies are characterized by a strong cultural and linguistic diversity, 
originating to a great extent from processes of migration and globalization (Vertovec, 2007). 
This is reflected in all parts of society, including education. Accordingly, the number of children 
raised in a language other than the language used for instruction at school grows steadily, 
particularly in urban areas (Van den Branden & Verhelst, 2011). This leads to a considerable 
group of students entering the classroom with a varied linguistic repertoire. 
Whereas the language of instruction refers to the language used for teaching and learning at 
school (i.c., Dutch), the home language is defined as the language(s) used by students at home. 
This mostly corresponds with the language students have been raised in, also known as the first 
language or mother tongue. Language minority students are defined as students who mainly use 
a language at home that is different from the language of instruction. This implies that they have 
already gained knowledge and skills in their home language (Goldenberg, 2008). Language 
majority students are characterized as students who use the same language at home as the 
language of instruction used at school. Mostly, they have already come into contact with 
different languages, for example through television, music, Internet, and computer games 
(Declercq, Denies, & Janssen, 2012; Kuppens, 2007). 
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Belgium is divided in a federal, a regional, and a community level, with language as the main 
defining factor for the partition in the Flemish, French, and German-speaking Community. The 
official language in each of the three communities is respectively Dutch, French, and German. 
The Belgian capital, Brussels, is officially bilingual French-Dutch. As education is organized by 
the communities, the official language of the community is also the language of instruction in the 
schools situated within that community. Hence, the official language of instruction in the Flemish 
educational system is Dutch. Brussels schools are regulated by either the Flemish or the French 
Community. 
The number of children growing up in a family where a language other than the language of 
instruction is used is gradually increasing. For example, for 25.7% of children born in 2014 in 
Flanders, Dutch is not their home language (Kind & Gezin, 2014). According to province, the 
percentages are the highest in Flemish-Brabant (37.6%), followed by Antwerp (30.8%), East-
Flanders (21.8%), Limburg (21.3%), and West-Flanders (13.5%). The other languages that are 
most often classified as a child’s home language are French, Arabic, Turkish, Berbers, Polish, 
English, Russian, and Spanish, respectively. With regard to education, 20% of children in 
kindergarten and 17% of children in primary education have a home language other than Dutch 
(Van den Broucke et al., 2015). This trend is even more obvious in urban areas, such as Ghent 
and Brussels. For example, in Ghent, 29.8% of the students in primary education speak a 
language at home other than Dutch. For Brussels schools of the Dutch-speaking Community, this 
percentage is as high as 72.2% (Agency for Internal Administration, 2015). With regard to 
proficiency in foreign languages, 14- to 16-year-old students in Flemish education achieve a 
mean level for French and a high level for English, compared to students from other European 
countries in the European Survey on Language Competences (Declercq et al., 2012). 
In spite of the substantial array of languages that students bring into the school, this linguistic 
diversity is often disregarded. Policymakers in different countries, among which Belgium, tend 
to emphasize the need for a monolingual educational policy, in which the language of instruction 
is considered as the only appropriate medium for communication, teaching, and learning in the 
school context (Hélot, 2012). To justify this approach, many of them point to the achievement 
gap between language minority and language majority students, as observed in international 
large-scale studies (e.g., Martin, Mullis, Foy, & Stanco, 2012; OECD, 2009, 2010): speaking a 
language at home other than the language of instruction is often marked by policymakers as one 
of the critical factors to explain language minority students’ weaker achievement level. 
Accordingly, policymakers designate home languages other than the language of instruction as 
an obstacle for a successful school career (Pulinx, Agirdag, & Van Avermaet, 2014; Zuengler & 
Miller, 2006). For example, the consecutive Flemish Ministers for Education have emphasized 
competence in Dutch as a priority for students to succeed in the Flemish educational system 
(Crevits, 2014; Smet, 2011; Vandenbroucke, 2005). A high level of proficiency in the national 
standard language is considered as a requirement to be able to fully participate in school, the 
labour market, and the globalized knowledge society (Lanauze & Snow, 1989; Pulinx et al., 
2014). Although there is room for other languages, next to the language of instruction, this is 
reserved for foreign language education and specific projects (e.g., Content and Language 
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Integrated Learning) in languages that are deemed prestigious in society, such as English or 
French. This is not the case for most home languages (VLOR, 2011), leading to a situation in 
which the linguistic repertoire of many language minority students is mostly not acknowledged 
as a resource for learning and even excluded from the classroom practice (Agirdag, 2010; García 
& Kleifgen, 2011; Goriot, Denessen, Bakker, & Droop, 2015; Helot & Young, 2002). This results in 
a clear monolingual educational policy, in which learning in and through the language of 
instruction is the central focus; the use of other languages and varieties of Dutch is constrained 
or even prohibited (De Caluwe, 2012; Sierens & Van Avermaet, 2014). For language minority 
students, this implies that they are immersed in the language of instruction, without any 
reference to the competence they have already developed in their home language (Auerbach, 
1993; Goldenberg, 2008; Kenner, Gregory, Ruby, & Al-Azami, 2008; Riches & Genesee, 2006). 
They have to acquire academic knowledge and skills, just like language majority students, but 
they have to do it in the language of instruction, a language which they have often not yet fully 
mastered (Goldenberg, 2008). 
In alignment with this monolingual educational policy, teachers often choose for the 
immersion approach with the best of intentions (e.g., Kenner et al., 2008; Ramaut et al., 2013; 
Van den Branden & Verhelst, 2011). They put forward different arguments to solely utilize the 
language of instruction in their classroom practice. First, teachers are convinced that a high 
mastery in the language of instruction offers the best chances for integration in society (Lanauze 
& Snow, 1989; Pulinx et al., 2014; Van den Branden & Verhelst, 2011). Second, there is a strong 
belief that a maximum amount of time should be dedicated to the language of instruction as 
teachers assume that language minority students only come into contact with this language at 
school (Cummins, 2005; McLaughlin, 1992; Pulinx et al., 2014; Van den Branden & Verhelst, 
2011). Third, teachers fear a loss of control over the classroom practice should students use 
other languages (Pulinx et al., 2014; Van den Branden & Verhelst, 2011). Moreover, the present 
complex linguistic situation, with classrooms comprising students from different linguistic 
backgrounds, puts a high demand on teachers and on their practice: they often lack the 
necessary tools and expertise to appeal to every student’s home language in a supportive and 
strategic way (Clark, Touchman, Martinez-Garza, Ramirez-Marin, & Drews, 2012; Hélot, 2012; 
Pulinx et al., 2014). 
Despite the strong adherence to an exclusive use of the language of instruction in the 
classroom practice, the monolingual approach does not seem to meet expectations. Language 
minority students continue to face more difficulties, thereby running a considerably higher risk 
of underperformance, compared to their language majority peers. This not only applies to 
literacy and numeracy (OECD, 2010), but also to science education (Bellens, Arkens, Van 
Damme, & Gielen, 2013; Maerten-Rivera, Myers, Lee, & Penfield, 2010; Martin et al., 2012; OECD, 
2009). While a lack of experience with the language of instruction is generally put forward by 
policymakers as one of the main causes for language minority students’ lower academic 
achievement, other factors related to the student and to the broader context of the classroom 
and the school may also play an important role (Baker, 2011), such as students’ linguistic 
background in combination with their socioeconomic status (e.g., Van Avermaet, Slembrouck, & 
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Simon-Vandenbergen, 2015; Van den Branden, 2010), teachers’ expectations regarding their 
students (e.g., Agirdag, Van Avermaet, & Van Houtte, 2013), and the structures schools set up to 
support their students (e.g., Bellens & De Fraine, 2012; Muller & Baetens Beardsmore, 2004). 
Moreover, a monolingual approach may lead language minority students to miss out on crucial 
learning opportunities as they are not allowed to appeal to their home language as a support 
tool for their learning process (Sierens & Van Avermaet, 2014). 
In sum, there are different challenges that need to be addressed. First, alternative ways for 
the restrictive monolingual approach should be explored, in which language minority students’ 
home languages can be integrated in the classroom practice while knowledge acquisition in the 
language of instruction remains the focus (Sierens & Van Avermaet, 2014). Second, teachers are 
in need of tools to positively deal with the linguistic diversity present in their classroom, thereby 
allowing other languages than the language of instruction for language minority as well as 
language majority students (Clark et al., 2012; Hélot, 2012; Pulinx et al., 2014). Third, a clearer 
picture is needed of whether and how instruction appealing to language minority students’ 
home language as a didactic resource can support their learning process in the language of 
instruction (Kenner et al., 2008; Lanauze & Snow, 1989; Langer, Bartolome, Vasquez, & Lucas, 
1990; Leider, Proctor, Silverman, & Harring, 2013; Scott & de la Fuente, 2008; Storch & 
Wigglesworth, 2003). Advancements in technology, and more specifically the development of 
computer-based learning environments (CBLEs), can particularly be a powerful means to 
answer these challenges. CBLEs can support students’ learning through offering authentic 
language support in their home language (e.g., Clark et al., 2012), while fostering their 
acquisition of challenging knowledge and skills (Lajoie & Azevedo, 2006). Therefore, the present 
dissertation focuses on the design, use, and evaluation of a CBLE with a multilingual character, 
aimed at supporting the linguistic diversity present in fourth- and fifth-grade classrooms in 
primary education in Flanders (Belgium). A specific focus is put on the integration of language 
minority students’ home language as a way to support their learning process. 
 
2. Theoretical background 
In this part, we first consider the importance of language in general, and the home language in 
particular, in students’ learning process. Moreover, we give an overview of the current forms of 
education attending to language minority students’ home language. Furthermore, we discuss 
CBLEs as a promising means to integrate students’ home language in the classroom practice, not 
only to appeal to the linguistic diversity present in many classrooms, but also to provide 
teachers with aids to enrich their classroom practice. Finally, we present the CBLE E-Validiv, 
which is the CBLE under study in this dissertation. 
 
2.1 Students’ home language as a lever for learning 
Vygotsky (1978) states that language is one of the principal symbolic tools children learn to 
master. Language provides the means to name things, to reflect upon them, and to discuss them, 
thereby giving meaning to the world surrounding us. Hence, language acts as a mediator in the 
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relationship between the individual and the environment of which he/she is part (Lantolf & 
Thorne, 2007; Storch & Aldosari, 2010; Vygotsky, 1978). This implies that the acquisition of 
knowledge, the development of complex skills, and the mastery of higher-order mental 
processes are rooted in and mediated by language (Guerrero & Villamil, 2000; Swain & Lapkin, 
2000). 
Language minority students’ home language is in most cases the first language they have 
learned. As such, they regulate their cognitive processes through it, which implies they are in 
need of their home language to mediate their learning process in the language of instruction 
(Lantolf, 2000; Lantolf & Thorne, 2007; Swain & Lapkin, 2000; Vygotsky, 1978). This is in line 
with Cummins’ (1979) linguistic interdependence hypothesis, according to which a high level of 
competence developed in one language (i.c., the home language) can support the development of 
competence in another language (i.c., the language of instruction) and vice versa. When there is 
sufficient exposure to both languages, a common underlying proficiency enables the transfer of 
knowledge, skills, and strategies across the languages, thereby strengthening competence in 
both the home language and the language of instruction (Bialystok & Hakuta, 1999; Cummins, 
1981; Duibhir & Cummins, 2012; Genesee, Geva, Dressler, & Kamil, 2006; Riches & Genesee, 
2006).  
However, when language minority students’ home language is not recognized as a resource 
for learning and even excluded from the classroom practice, they cannot rely on their home 
language as one of the most essential tools to regulate their learning process in the language of 
instruction. A more promising approach is to explicitly incorporate language minority students’ 
home language into their zone of proximal development (ZPD). This ZPD is defined by Vygotsky 
(1978, p. 86) as the “distance between the actual developmental level as determined by 
independent problem solving and the level of potential development as determined through 
problem solving under adult guidance or in collaboration with more capable peers”. Through 
assistance in the ZPD, an individual is guided to reach a cognitive level which he/she was not yet 
able to reach independently (Lantolf & Thorne, 2007). Integrating language minority students’ 
home language in their ZPD implies that it becomes a true cognitive tool to mediate their 
learning process in the language of instruction (Lantolf, 2000; Swain & Lapkin, 2000; Vygotsky, 
1978). They construct within themselves a support using their own expertise in their home 
language in order to acquire knowledge and skills which are currently beyond their level in the 
language of instruction (Upton & Lee-Thompson, 2001). This empowers them to take the next 
level, just beyond what would have been possible of accomplishing on their own in the language 
of instruction (Freeman & Crawford, 2008; Vygotsky, 1978; Wood, Bruner, & Ross, 1976). 
Language minority students can deploy their home language in various ways as a powerful 
cognitive tool to benefit learning in the language of instruction. First, the knowledge and skills 
they have already built up in their home language can act as an important information source to 
construct meaning (Langer et al., 1990). This is realized through transfer, which entails the 
exchange of information across languages, thereby generalizing knowledge, skills, and strategies 
across domains (Bialystok & Hakuta, 1999; Genesee et al., 2006). Research has already shown 
that bilingual children can accomplish transfer between languages (for reviews: see August & 
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Shanahan, 2006; Durgunoğlu, 2002; Genesee et al., 2006), for instance in the area of word 
decoding (e.g., Sparks, Patton, Ganschow, Humbach, & Javorsky, 2008), metacognitive strategies 
(e.g., Fung, Wilkinson, & Moore, 2003; Jiménez, García, & Pearson, 1996; Langer et al., 1990), and 
reading comprehension (e.g., Li, McBride-Chang, Wong, & Shu, 2012; Reese, Garnier, Gallimore, 
& Goldenberg, 2000; van Gelderen, Schoonen, Stoel, de Glopper, & Hulstijn, 2007). For successful 
English Language Learners, transfer is even one of their most applied bilingual reading 
strategies (Jiménez et al., 1996). 
Particularly conceptual transfer can be a very promising means for language minority 
students. This refers to the understanding of a concept in one language, for example the 
language of instruction, through the insight into similar concepts in another language, such as 
the home language (Kenner et al., 2008). For example, research has revealed that conceptual 
knowledge of vocabulary gained in the home language contributes to reading comprehension, 
and thus, meaning construction, in the language of instruction (Goodrich, Lonigan, & Farver, 
2013; Jiménez et al., 1995; Miller et al., 2006; Nagy, García, Durgunoğlu, & Hancin-Bhatt, 1993; 
Proctor, August, Carlo, & Snow, 2006). Vocabulary can be a bridge as well as a barrier to gain 
understanding in the language of instruction (Jiménez et al., 1995): while a broad awareness of 
words can promote the comprehension of a text, a lack of vocabulary can block students’ 
learning process. Therefore, conceptual transfer through the home language can be particularly 
useful for language minority students. 
Second, finding out the meaning of provided information can act as a trigger for other 
strategies, such as the appeal to prior knowledge already built up in the home language (Fung et 
al., 2003; Jiménez et al., 1995; Kenner et al., 2008). For example, when reading a text, it is crucial 
to connect prior experiences and background knowledge of the subject matter to the offered 
information in order to comprehend what is being read (Anderson & Pearson, 1984). When 
students gain access to the prior knowledge already developed in their home language, this can 
help them to obtain a stronger understanding of the content of the text than if they would be 
limited to the language of instruction (Clark et al., 2012; Edwards, Monaghan, & Knight, 2000; 
Fung et al., 2003; Jiménez et al., 1996; Lantolf & Thorne, 2007; Lemberger, 2002). 
Third, giving access to more than one language in the learning process can stimulate 
metalinguistic awareness, or the knowledge about how languages are structured and how things 
are expressed in different languages (Hélot, 2012; Kenner et al., 2008; Snow, 1990). Through 
explicitly comparing the vocabulary and structures of different languages, students can 
strengthen their insight into how languages work, while they simultaneously get more of a grip 
on the language of instruction (Kenner et al., 2008; Martin-Beltran, 2010). For example, 
searching for cognates (i.e., words with a similar spelling and meaning in two languages) is an 
effective reading strategy for successful English Language Learners to understand content in the 
language of instruction (Jiménez et al., 1996; Nagy et al., 1993). Yet, this strategy requires at 
least some insight into the relationships between languages (Jiménez et al., 1996). 
Finally, curriculum content can be made more accessible by appealing to language minority 
students’ home language (Clark et al., 2012; Kenner et al., 2008). For example, by clarifying 
words, structures, and task demands through the home language, students can get a clearer 
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understanding of what is being expected (Littlewood & Yu, 2011; Mahmoud, 2006). Moreover, 
this can prevent them from suffering from cognitive overload in their working memory because 
of too much new information that needs to be processed (Butzkamm, 1998; Scott & de la Fuente, 
2008; Storch & Wigglesworth, 2003). For example for reading comprehension, students need to 
cope simultaneously with the cognitive demands of high-level reading and high-level use of 
strategies. However, this particularly puts a great pressure on language minority students if they 
only have the language of instruction available (Fung et al., 2003). Giving them access to their 
home language can assist them in solving missing links if they have not yet acquired the 
appropriate knowledge in the language of instruction (Riches & Genesee, 2006). Hence, they can 
work at a higher cognitive level than what would be possible if they could only use the language 
of instruction (Jiménez et al., 1995; Storch & Wigglesworth, 2003). This enables them to focus 
more on comprehension and interpretation. 
In sum, language minority students’ home language should not be considered as a burden, 
but instead as a resource and a cognitive tool for knowledge acquisition as well as the 
development of competence in the language of instruction (Cook, 2001; Jiménez et al. 1996; 
Kempert, Saalbach, & Hardy, 2011; Reese et al., 2000; Riches & Genesee, 2006; Swain & Lapkin, 
2000). Giving language minority students access to their home language can enrich their 
learning process, as their home language can support meaning construction in the language of 
instruction. Moreover, their learning process can be strengthened by the appeal to their home 
language, as students can remove barriers on their own and at the same time work at a higher 
cognitive level. Hence, their ability for self-regulated learning is stimulated: they can use their 
home language as a stepping stone to guide themselves through tasks that they would not have 
been able to accomplish on their own if they would only have access to the language of 
instruction (Alegría de la Colina & del Pilar García Mayo, 2009; Swain & Lapkin, 2000). Thus, the 
use of the home language has the potential to facilitate classroom activities and at the same time 
foster high-level educational achievement. 
Yet, language minority students can experience various barriers which may hinder them to 
effectively employ their home language as a tool for learning. First, sufficient access to and 
support in content-area material in both the language of instruction and the home language is 
necessary for transfer to occur (Jiménez et al., 1996). When language minority students only 
have restricted experiences with literacy in their home language in the school context, the 
knowledge they can transfer to the language of instruction may be rather limited (Jiménez et al., 
1996; Kenner et al., 2008; Leider et al., 2013). More specifically, a certain threshold level of 
linguistic competence should be attained in both languages before potential benefits can be 
realized (Cummins, 1979). As research has shown, literacy in the home language needs to be 
developed to a certain level to benefit literacy development in the language of instruction 
(Atwill, Blanchard, Gorin, & Burstein, 2007; Farrell, 2011; Lanauze & Snow, 1989; Lechner & 
Siemund, 2014; Riches & Genesee, 2006; Yeung, Marsh, & Suliman, 2000). According to the 
degree of proficiency, the home language has varying influences on the language of instruction 
(Nakamoto, Lindsey, & Manis, 2008; Proctor et al., 2006). However, it remains difficult to 
determine what the sufficient level of proficiency in both languages should be to enable transfer. 
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Second, students who do not think highly of their proficiency in their home language may not 
feel inclined to appeal to it (Becker, 1997; Jiménez et al., 1995; Lambert, 1973). Related to this, 
the context surrounding language minority students may influence whether they regard their 
home language as a support tool to accomplish tasks or not (Ferguson, 2003; Goriot et al., 2015). 
Therefore, the broader context should be aligned with the idea of integrating every student’s 
linguistic repertoire in the classroom practice in general and valuing language minority 
students’ home language in particular. Otherwise, students may be ignorant of the possibility or 
feel very reluctant to appeal to their home language as a resource for learning (Becker, 1997; 
Gort, 2012; Lambert, 1973; Storch & Aldosari, 2010; Storch & Wigglesworth, 2003). For 
example, language minority students often receive the message that their home language is an 
obstacle for a successful school career (Agirdag, 2010; Gogolin, 2002). Students may internalize 
this monolingual view, making them unaware of what their home language can mean for their 
learning process (Gort, 2012). Even when the use of the home language is promoted, language 
minority students may still be convinced that the language of instruction is the only suitable 
means of communication, as it is part of the school context (Kenner et al., 2008; Storch & 
Wigglesworth, 2003). Furthermore, evidence for causal relationships between knowledge and 
skills developed in students’ home language and the language of instruction remains weak. 
Nevertheless, the few longitudinal studies that have been conducted confirm that underlying 
processes developed in the home language can predict the ability in the language of instruction, 
for example in the area of reading comprehension and reading strategies (Genesee et al., 2006). 
As the inclusion of the home language in the learning process may be one of the key factors 
for language minority students to succeed in the long run (Collier, 1992), there is a crucial role 
for schools to realize this, not only in everyday social interactions but also in the academic 
setting (Kenner et al., 2008). Examples are the provision of bilingual resources for the 
understanding of content in both the language of instruction and the home language (Kenner et 
al., 2008) or interventions focusing on literacy instruction in the home language as a means to 
acquire literacy skills in the language of instruction (August, Calderon, & Carlo, 2001; Goodrich 
et al., 2013). In the next section, we turn to different approaches of multilingual education, in 
which language minority students’ home languages are integrated. 
 
2.2 Multilingual education with integration of students’ home language 
The way language minority students’ home languages are integrated in educational programs 
have taken on various forms in schools worldwide. The different approaches can be situated 
along a continuum (García, Kleifgen, & Falchi, 2008; Van den Branden, 2010). Some approaches 
assume that language minority students will learn to master the language of instruction just by 
exposing them to it, thereby considering them as any other student. Other approaches appeal to 
language minority students’ home language in different degrees of intensity, with the aim to 
strengthen proficiency in both languages and academic development in all domains. 
García and colleagues (2008) make a distinction between six different approaches. On one 
end of the continuum, the monolingual submersion approach can be found, which is also known 
as the ‘sink or swim’-approach. This implies that language minority students are integrated in 
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mainstream classrooms and need to follow exactly the same educational program as their 
language majority peers, with no alternative educational services. The focus lies on learning in 
and through the language of instruction, with a complete lack of access to language minority 
students’ home languages. In the second approach, the so-called pull-out programs, newcomers 
are submersed in mainstream education but can be taken out of the regular classroom to spend 
a limited amount of time with a remedial teacher. There, additional support can be given, for 
example in the home language, although these specific sessions are solely focused on newcomers 
and are often only temporary. Third, the structured immersion programs are also focused on 
teaching subject matter in the language of instruction. However, students’ level of proficiency in 
the language of instruction is taken into account and use of the home language can be permitted. 
The goal of these programs is to guide language minority students as quickly as possible to 
mainstream education. Moving towards the other end of the continuum, programs can be found 
that are more bilingual. For example, transitional bilingual education focuses on the use of 
language minority students’ home language in order to foster a quick acquisition of the language 
of instruction and to establish an early exit towards mainstream education without falling too 
much behind. Second, developmental bilingual education programs pursue a late exit towards 
mainstream education, with a focus on the development of proficiency in both the language of 
instruction and the home language during five to six years. On the final end of the continuum, 
two-way bilingual education can be found, which is the most structural kind of bilingual 
education. In such programs, language minority and language majority students mostly sit 
together in a classroom where proficiency as well as academic development in two languages is 
strived for. Hence, students learn both languages (e.g., Spanish and English) simultaneously, 
thereby stimulating true bilingual development (García et al., 2008). 
Although different educational policies in countries worldwide can be situated on the 
monolingual side of the continuum, research points out that offering language minority students 
support in their home language can contribute to their academic achievement in the language of 
instruction. For example, Macaro (2001) argues that no study thus far has shown that rejecting 
language minority students’ home language from the classroom practice improves learning in 
the language of instruction. On the contrary, Yeung and colleagues (2000) demonstrate that 
proficiency in the home language does not have persistent negative effects on learning outcomes 
in the language of instruction; students with a high proficiency in their home language even 
benefit from it for their academic achievement. Moreover, Baker (2011) suggests that ignoring 
students’ linguistic repertoire in their home language can be considered as one of the causes 
related to the aforementioned achievement gap. Related to this, research on the effectiveness of 
bilingual education shows that programs equally fostering the development of the language of 
instruction and the home language successfully raise language minority students’ academic 
achievement, in comparison to language minority students taught only in the language of 
instruction (August & Shanahan, 2006; Baker, 2011; Cheung & Slavin, 2012; Christian, 1996; 
Collier, 1992; Cummins, 2000; Ramirez, Yuen, Ramey, & Pasta, 1991; Thomas & Collier, 2002). 
Particularly transitional and developmental bilingual programs, as well as two-way bilingual 
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education, show the most promising results for language minority students’ achievement in the 
long run (García et al., 2008). 
Nevertheless, there are different reasons why it is difficult to choose in favour of one 
approach. First, there is a wide variety in the way the different programs are implemented. 
Moreover, as the research on the effectiveness of the programs is often bound by time 
constraints and different methodological shortcomings, no statements can be made about 
preferring one approach of bilingual education above the others (Sierens & Van Avermaet, 2014; 
Van den Branden & Verhelst, 2011). Second, organizing bilingual education often implies that 
language minority and language majority students need to be separated from each other. This 
may lead to less social contact, which can have a negative impact on language minority students’ 
development of proficiency in the language of instruction (Rumberger & Tran, 2006). Third, 
traditional bilingual education programs become less feasible when students with different 
linguistic backgrounds enter the school, leading to a broad array of home languages present in 
the classroom (García et al. 2008; Sierens & Van Avermaet, 2014). Related to this strong 
linguistic diversity, it is hard to find teachers who master the different languages present in the 
classroom (García et al., 2008). Moreover, it constitutes a great challenge for teachers to actively 
and purposively appeal to every student’s linguistic repertoire in a way that it can foster their 
learning process. 
The notion of functional multilingual learning (Sierens & Van Avermaet, 2014) may offer a 
viable alternative to deal with these challenges. In this approach, every student’s full linguistic 
repertoire is appealed to as a didactic resource and intentionally integrated in the classroom 
practice. For language minority students, this means that they can employ the expertise already 
developed in their home language as a lever to foster proficiency in the language of instruction 
as well as knowledge acquisition and skill development in both languages (Jiménez et al., 1995, 
1996; Langer et al., 1990; Upton & Lee-Thompson, 2001). As such, this approach can foster both 
their academic achievement and socio-emotional well-being in the classroom practice (Sierens & 
Van Avermaet, 2014). Moreover, no adaptation of the curriculum is required; it is enriched by 
the space that is given to knowledge, skills, and strategies built up in other languages, next to the 
language of instruction. Furthermore, the teacher does not have to master every student’s home 
language; he/she acts more as a guide who stimulates interactivity, offers directions when 
needed, and gives feedback (Sierens & Van Avermaet, 2014). An important prerequisite for this 
approach of functional multilingual learning to succeed is that it is embedded in a constructive 
language policy which approaches linguistic diversity in a positive way (Sierens & Van 
Avermaet, 2014). 
Research on how functional multilingual learning can be achieved and contribute to students’ 
learning is limited. Still, there are promising results showing that including and recognizing 
students’ full linguistic repertoire as a resource for learning can assist their cognitive and 
personal development (e.g., Moodley, 2007; Olivares & Lemberger, 2002; Olmedo, 2003; Ramaut 
et al., 2013; Verhelst & Verheyden, 2003). Nevertheless, more research is needed concerning 
instructional methods which focus on deploying students’ whole linguistic repertoire, and 
particularly language minority students’ home languages, as a tool in the daily classroom 
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practice to support the development of competences in the language of instruction (Martin-
Beltran, 2010; Riches & Genesee, 2006; Upton & Lee-Thompson, 2001). Educational technology, 
and more particularly CBLEs, can be a promising means to realize functional multilingual 
learning. In the following section, we look more deeply into the potential for CBLEs to integrate 
language minority students’ home language into their learning process as a way to stimulate 
knowledge acquisition.  
 
2.3 CBLEs as a means to integrate students’ home language 
in their learning process 
Recent technological evolutions have made it possible to develop CBLEs that can integrate 
content in a wide array of languages via different modalities. This allows for the introduction of 
language minority students’ home language as a didactic resource in their learning process. A 
CBLE can be defined as “a learning environment that is designed for an instructional purpose 
and uses technology to support the learner in achieving the goals of instruction” (Lajoie & 
Azevedo, 2006, p. 803). In general, CBLEs can provide students with tools, strategies, and guides 
to gain more insight into content that would otherwise be beyond their reach (Salomon, 
Globerson, & Guterman, 1989; Saye & Brush, 2002; Simons & Klein, 2007). Hence, they can foster 
the acquisition of advanced knowledge and skills (Lajoie & Azevedo, 2006). Moreover, 
combining different media in one interface, such as text, images, and audio, can strengthen the 
learning process, as the offer of information can be adapted to individual needs and preferences 
(Brett, 1995; Dalton & Strangman, 2006). Finally, CBLEs have the potential to support language 
minority students’ learning process through providing them with authentic language support in 
their home language (e.g., Clark et al., 2012). 
The research on functional multilingual learning by means of educational technology is still 
scarce. However, there are some valuable examples of CBLEs in the context of compulsory 
education which integrate language minority students’ home language to foster their knowledge 
acquisition. For example, HELP Math (Help with English Language Proficiency) is a web-based 
CBLE on mathematics for English Language Learners speaking Spanish at home (Freeman, 2012; 
Freeman & Crawford, 2008). It is composed of modules which focus on the development of 
mathematical vocabulary while at the same time, growth of proficiency in the language of 
instruction (i.c., English) is pursued. Next to other tools, support in Spanish is integrated through 
hyperlinks with definitions, a button giving access to the summary of the content of a page, and a 
bilingual dictionary with key terms focusing on math content definitions (e.g., percentage) as 
well as general academic language (e.g., equation). The Universal Literacy Environment is 
another example of a CBLE that is aimed at fostering both vocabulary knowledge and reading 
comprehension through the provision of English multimedia texts together with their Spanish 
translations (Dalton & Proctor, 2007; Dalton, Proctor, Uccelli, Mo, & Snow, 2011; Proctor, Dalton, 
& Grisham, 2007; Proctor et al., 2011). Assistance is given by means of embedded vocabulary 
and comprehension strategy supports in students’ home language (i.c., Spanish) and the 
language of instruction (i.c., English). The environment consists of eight multimedia texts with a 
bilingual pedagogical agent, text-to-speech available in both languages, and a Spanish translation 
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of directions and instructional supports. Finally, in the Wolves Project, a Web-based Inquiry 
Science Environment (WISE) on wolf ecology and population management (Clark et al., 2012), 
students can access the content in both the language of instruction (i.c., English) and their home 
language (i.c., Spanish) by switching between pages. They can also go to definitions of words or 
phrases in either language. Moreover, students have audio support available in both languages, 
for example to hear the explanation of a concept. Research on this CBLE has shown that 
language minority students who could switch between the language of instruction and their 
home language benefit from the access to the content and supports in both languages: they gain 
more insight into the content of the language of instruction than those who only have the 
language of instruction available (Clark et al., 2012).  
Notwithstanding the important steps that have been undertaken in the development of 
CBLEs that integrate home language support, different gaps can be determined in the research. 
First of all, there is a need for more studies on both the use and effectiveness of different kinds of 
CBLEs appealing to students’ full linguistic repertoire, and particularly integrating language 
minority students’ home languages. Hence, a clearer picture can be gained as to whether and 
how instruction in such CBLEs can support their learning process, and eventually academic 
achievement, in the language of instruction. Related to this, the aforementioned studies mostly 
take into consideration a whole range of different support tools offered to students in a CBLE 
(for an exception, see Clark et al., 2012). However, this makes it impossible to determine the 
added value of bilingual supports for students from different linguistic backgrounds in general, 
and tools giving support in language minority students’ home language in particular. 
Nevertheless, it is necessary to first resolve which factors are related to students’ use of the 
support in the home language before its potential to raise achievement can be determined. 
Second, there is a general lack of research explaining the decisions that have shaped the design 
of CBLEs. It is crucial for the research community as well as the field of practice to gain more 
insight into the theoretical rationales behind the development of instructional materials in 
general, and CBLEs in particular. Indeed, the decisions that have guided the design of a learning 
environment always mirror an underlying conception of how people learn (Mayer, 2010). Hence, 
in order to move teaching and learning forward, it would be useful to make explicit the 
theoretical grounds and empirical insights used to shape the development of CBLEs (Deubel, 
2003; Mayer, 2010). Third, so far the majority of research on CBLEs integrating home language 
support has taken place in the United States. As Spanish-English bilinguals are one of the most 
represented groups of bilingual learners in the United States, there is a very strong focus on 
giving support in Spanish, next to the language of instruction (e.g., Proctor et al., 2011). 
However, in light of the strong linguistic diversity that many of today’s societies face worldwide, 
there is a serious need to provide assistance to students with different home languages while at 
the same time stimulating language awareness in all children (e.g., Clark et al., 2012; Kenner et 
al., 2008). In this way, a truly inclusive classroom approach, in which every student’s linguistic 
repertoire is recognized, can be achieved. 
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2.4 The CBLE E-Validiv within the Validiv-project 
E-Validiv, the CBLE under study in this dissertation, was developed within the context of the 
broader Validiv-project (Valorizing Linguistic Diversity in Multiple Contexts of Primary 
Education), an educational innovation project aimed at intentionally employing the linguistic 
diversity present in today’s schools in students’ learning process as well as in the broader 
classroom and school context. E-Validiv is designed to teach students in upper primary 
education (fourth and fifth grade: 9- to 11-year olds) about a broad range of topics within the 
domain of science education (i.e., nature, the environment, geography, orientation, the human 
body, health, time, travelling). The CBLE aims to appeal to every student’s full linguistic 
repertoire, and in particular to integrate language minority students’ home language as a 
support tool in their learning process. Next to E-Validiv, two other materials have been 
developed as part of the Validiv-project. The Validiv Case Collection is a guide for teachers, 
which provides suggestions to appeal to students’ competences in other languages, next to the 
language of instruction, during classroom activities. The School Policy Guide aims to help the 
school team in setting up a language policy plan with room for linguistic diversity. 
What makes E-Validiv unique, is its multilingual character: all content is available in seven 
different languages, namely Dutch, English, French, Italian, Polish, Spanish, and Turkish. Every 
student receives access to the content in two languages, namely the language of instruction (i.c., 
Dutch) combined with one of the six other languages. The choice for the other language depends 
on students’ linguistic background and preference, which allows for an individual approach. 
More specifically, language minority students who speak a language at home other than the 
language of instruction have access to both the language of instruction and their home language, 
if the latter is available in E-Validiv. For example, a student who speaks Turkish at home can go 
through E-Validiv in Dutch and Turkish. For language majority students and language minority 
students whose home language is not available in E-Validiv, the other language is mostly set to 
French or English, as these are the first languages students encounter in foreign language 
education in the Flemish context. Moreover, students often have already come into contact with 
these languages before formal education begins, for example through television, music, Internet, 
and computer games (Declercq et al., 2012; Kuppens, 2007). Hence, an inclusive classroom 
approach can be pursued, in which every student has the possibility to work with E-Validiv. On 
the one hand, language minority students who have their home language available can integrate 
their home language in their learning process and appeal to it as a support tool for knowledge 
acquisition in the language of instruction. On the other hand, language majority students and 
language minority students who do not have access to their home language can use the content 
in the other language for initiation in a foreign language, thereby stimulating their metalinguistic 
awareness. 
Just like in other CBLEs, it is also possible in E-Validiv to register and save students’ activities 
through trace methodology, and more specifically through log files. Traces are precise data that 
are generated by students while they study and that remain observable after a learning activity 
is completed (Bråten & Samuelstuen, 2007; Hadwin & Winne, 2001). These data can be 
transformed, thereby specifying, for instance, time-on-task, frequencies of actions, and the use of 
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tools (Wolters, Benzon, & Arroyo-Giner, 2011). This asset of CBLEs is particularly valuable to 
keep track of students’ performance and their appeal to support tools (Butler & Lumpe, 2008; 
Hannafin & Land, 1997). Hence, such traces can offer rich data sources of learning processes in 
action, which can be used for further quantitative analyses (Hadwin & Winne, 2001). In the case 
of E-Validiv, every student received a personal user name and password to access the CBLE. 
From the moment students were logged in, all their relevant actions were registered. This can 
shed light on the way the use of, for example, language minority students’ home language relates 
to learning, thereby clarifying the nature of learning (Pea, 2004). Moreover, according to Greene 
and Azevedo (2007), trace data are more accurate than self-report measures, as they are based 
on objective data instead of on perceptions. 
Different support tools are integrated in E-Validiv. Throughout the CBLE, students can switch 
between screens by means of a language switch button. Hence, they gain access to exactly the 
same content in both languages. This can be considered as a form of code-switching, which 
refers to the shifting between languages by appealing to someone’s whole linguistic repertoire 
(Canagarajah, 2011; Liebscher & Dailey-O’Cain, 2005). This activity is widely used by bilinguals 
and can be considered as an important strategy to connect content in both languages and, thus, 
to achieve transfer (cf. Cummins, 1981). Moreover, a large amount of the content can be 
accessed simultaneously in the visual (i.e., on-screen text) and the auditory modality (i.e., spoken 
words) in both languages by means of text-to-speech technology (cf. Mayer, 2010). Furthermore, 
students can take notes in a digital notebook, which enables them to schematize the offered 
content and to process it in a personal way (cf. Devolder, van Braak, & Tondeur, 2012). They are 
permitted to write in any language they want in the notebook. Students can also go through a 
subtheme at an individual pace by means of a ‘Continue’-button. Hence, they can regulate their 
own learning process as they can split the amount of information to be processed in working 
memory and decide for themselves when they have completed a task or phase (cf. van 
Merriënboer & Kester, 2010). Finally, a pedagogical agent is integrated in E-Validiv to offer 
guidance, explanations, and feedback to the students (cf. Moreno & Mayer, 2007). Everything the 
pedagogical agent says is also available in both languages. 
As noted above, E-Validiv offers content within the domain of science education. Within the 
Flemish curriculum of primary education, science education is part of the learning area ‘world 
studies’. This learning area comprises a broad range of topics, namely nature, technique, 
humankind, society, time and space, and use of resources (Eurydice, 2014). The choice for 
science education as the main focus within E-Validiv originates from different concerns. First, 
there is a serious and persistent gap in academic achievement in science subjects between 
majority student groups and minority student groups, with language minority students facing 
more challenges to attain the same level in science achievement than language majority students 
(Martin et al., 2012; OECD, 2009). Second, science education is a pre-eminent domain when it 
comes to the application of decontextualized language (Rowe, 2013; Shanahan & Shanahan, 
2008). This refers to a kind of language which is characteristic for the language used at school, as 
it forms the key to scientific understanding and thinking (Van den Branden, 2010). It is 
characterized by a distinct and complex vocabulary and grammar, an underlying assumption of 
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causality, a high level of abstraction, and limited contextual support (Curenton & Justice, 2004; 
Fang, 2006; Van den Branden, 2010). Research shows that particularly language minority 
students face more difficulties to perform highly on science subjects, as they need to acquire 
academic knowledge and skills through the language of instruction, which they have often not 
yet mastered fully (Goldenberg, 2008; Taboada, 2012). Third, although approximately 25% of 
the primary educational curriculum in Flanders is concerned with science education (Janssen & 
Crauwels, 2011), more attention is generally given to literacy and numeracy, both in research 
projects (Bellens & De Fraine, 2012) and large-scale assessments (Janssen & Crauwels, 2011). As 
we aim to connect the available content in the CBLE as much as possible to the daily classroom 
practice, all the content can be brought back to the attainment targets of science education. 
Attainment targets are “…minimum educational objectives with regard to knowledge, insight, 
skills, and attitudes, which the society and the educational authorities regard as necessary and 
attainable at the end of a certain level of education” (Janssen & Crauwels, 2011, p. 20). Moreover, 
special attention is given to the results of the national assessments of educational progress 
(Flemish Department of Education and Training, 2007, 2011), as these give an overview of the 
difficulties students face with regard to certain science topics. 
There are several reasons to target students in upper primary education. First of all, students’ 
reading proficiency evolves from ‘learning to read’ to ‘reading to learn’ throughout primary 
school. This involves a growing focus on the comprehension of informative content-area texts 
with a great amount of decontextualized language from the upper primary grades onwards 
(Shanahan & Shanahan, 2008; Taboada, 2012). As one of the goals of the research project in 
general and E-Validiv in particular is to support knowledge acquisition in the domain of science 
education through appealing to students’ full linguistic repertoire, we opted to work with 
students who have to deal with content-area texts. Second, it is assumed that older second 
language learners benefit more from positive transfer than younger ones, as the knowledge in 
their home language is more strongly developed (Snow & Hoefnagel-Höhle, 1978). Third, little is 
known about the knowledge and skills language minority students have already developed in 
their home language and how it can contribute to their development in the language of 
instruction. Research focusing on language minority students between upper primary grades 
and high school is particularly limited, although a large group of these students receive formal 
instruction in a language other than their home language (Koda, 2007). 
 
3. Research objectives 
Based on the research context, the theoretical insights, and the related challenges for research 
stated in the previous sections, the general aim of this dissertation is to gain insight into the use 
and outcomes of a CBLE, developed to support the linguistic diversity present in primary 
education, and more specifically to integrate language minority students’ home language in their 
learning process. This general research aim leads to four specific research objectives, which 
direct the different studies of this dissertation: 
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Research objective 1: To determine whether student characteristics and school 
characteristics relate to science achievement, with a specific 
focus on students with a home language other than the language 
of instruction. 
 
Research objective 2: To design, develop, and test a CBLE with a multilingual character 
in order to support knowledge acquisition in the domain of 
science education. 
 
Research objective 3  To determine whether student characteristics and classroom 
characteristics relate to the use of bilingual content in the 
developed multilingual CBLE, with a specific focus on the time 
dedicated to both languages, the activity of code-switching, and 
the use of text-to-speech. 
 
Research objective 4: To examine the effect of a project aimed at integrating language 
minority students’ home languages in the school context on 
students’ science achievement and socio-emotional well-being, 
with a specific focus on the use of the developed multilingual 
CBLE. 
 
4. Research design 
In order to pursue the general research aim and the related specific research objectives 
mentioned above, studies applying both a quantitative and a qualitative approach were 
conducted. The results presented and discussed in this dissertation are based on six studies: 
four quantitative studies and two qualitative studies. Hence, the main focus in this dissertation 
lies on the quantitative component. Table 1 gives an overview of the chapters, research 
objectives, the related research goals for each of the studies, the applied methodology, research 
design, sample, data collection, and data analysis techniques for each study. 
The data for the different studies were collected on the basis of an intervention that was set 
up in 60 primary schools. Before and after the intervention, students were given a questionnaire 
and a number of learning achievement tests. The intervention consisted of the use of the CBLE E-
Validiv for two consecutive school years, in which the students were followed from the middle of 
fourth grade until the end of fifth grade. 
To realize research objective 1, a survey study (Study 1) was set up. The main research goal 
of this survey study was to examine whether student characteristics regarding students’ 
background, the language of instruction, and the home language, and school characteristics 
regarding school composition and teachability expectations can explain differences in fourth-
grade students’ science achievement. Students were asked to complete a background 
questionnaire, a reading performance test, and a science achievement test. Their parents and 
teachers were also administered a questionnaire. Data were collected from 1761 fourth-grade 
Table 1: Research objectives, research goals, methodology, research design and sample, data collection, and data analysis techniques. 
Ch. Study Research 
objective 
Research goals Meth. Research design 
and sample 
Data collection Data analysis 
techniques 
1   General introduction (research context, theoretical background, research objectives, research design, overview, and relevance of the dissertation) 
2 1 RO1 To examine student and school characteristics related to 
primary school students’ science achievement, with a specific 
focus on the role of speaking a home language other than the 
language of instruction 
QN Survey design 
- students (n = 1761) 
- parents (n = 1562) 
- teachers (n = 1255) 
 
Student questionnaire 
Reading performance test 
Science achievement test 
Parent questionnaire 
Teacher questionnaire 
Multilevel hierarchical 
regression analysis 
(MLwiN) 
3 2 RO2 To formulate a collection of design guidelines for the 
development of CBLEs aimed at fostering domain-specific 
knowledge acquisition in linguistically diverse classrooms, 
with a specific focus on the integration of language minority 
students’ home language 
QL Case study Literature review Description of case 
4 3 RO3 To examine student and classroom characteristics related to 
the use of bilingual content in a CBLE  
QN Cross-sectional 
design (n = 250) 
Trace methodology 
Student questionnaire 
Reading performance test 
Science achievement test 
Descriptive analysis 
(SPSS) 
Multilevel hierarchical 
regression analysis 
(MLwiN) 
5 4 RO3 To examine student characteristics related to the use of 
bilingual auditory support by means of text-to-speech 
technology in a CBLE 
QN Cross-sectional 
design (n = 360) 
Trace methodology 
Student questionnaire 
Reading performance test 
Science achievement test 
Descriptive analysis 
(SPSS) 
Multilevel hierarchical 
regression analysis 
(MLwiN) 
6 5 RO3 To examine the way in which students with a home language 
other than the language of instruction functionally interact 
with a CBLE that offers them support in their home language 
through different tools 
To examine whether language minority students who have 
their home language available in a CBLE experience barriers 
hindering them from appealing to their home language as a 
resource 
QL Stimulated recall 
design (n = 6) 
Trace methodology 
Semi-structured interviews 
with stimulated recall 
methodology (videos) 
Descriptive analysis 
(SPSS) 
Within-case and cross-
case analysis using the 
constant comparative 
method (NVivo) 
7 6 RO4 To examine whether a project aimed at integrating language 
minority students’ home languages in the school context has 
an impact on both students’ science achievement and feelings 
of shame in using their home language, with a specific focus 
on the use of the developed multilingual CBLE 
QN Intervention with 
pretest-posttest 
design (n = 865) 
Trace methodology 
Student questionnaire 
Reading performance test 
Science achievement test 
Cognitive ability test 
Teacher questionnaire 
Multilevel hierarchical 
regression analysis 
(MLwiN) 
Multilevel binomial 
logistic regression 
analysis (MLwiN) 
8   General discussion and conclusion (overview and discussion of the main findings, limitations and directions for future research, and implications for 
theory, empirical research, practice, and policy) 
Note: RO = research objective; QN = quantitative study; QL = qualitative study 
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students, 1562 parents, and 1255 teachers, and analyzed by means of multilevel hierarchical 
regression analyses. 
Research objective 2 is dealt with by means of a literature review, which forms the 
foundation for the presentation and discussion of a collection of design guidelines to steer the 
development of CBLEs which are aimed at fostering knowledge acquisition in linguistically 
diverse classroom contexts (Study 2). Special focus was placed on the way that language 
minority students’ home language can be included in a CBLE. The design guidelines are 
organized in three clusters, focusing respectively on linguistic diversity, learning, and 
instruction. Moreover, the CBLE E-Validiv is presented as a case study of how the proposed 
design guidelines can be put to use. Hence, the theoretical rationale and the related assumptions 
underlying the design and development of E-Validiv are brought to the fore. 
With regard to research objective 3, the use of the bilingual content and the related support 
tools in the developed CBLE were examined by means of three different studies. Two studies had 
a quantitative design, which respectively focused on the time dedicated to the content in both 
languages and the use of the language switch button to go from one language to the other (Study 
3) and the use of bilingual auditory support by means of text-to-speech technology (Study 4). 
One study had a qualitative approach, aiming to gain insight into the reasons behind the way E-
Validiv is used by language minority students who have their home language available (Study 5). 
The data from the survey study were integrated as control variables. 
The main research aim of Study 3 was to explore students’ use of the bilingual content and to 
determine whether student characteristics regarding students’ home language, background, and 
learning achievement, and classroom characteristics regarding the presence of linguistic 
diversity and the positive use of linguistic diversity by the teacher relate to the time dedicated to 
the content in both languages and the activity of code-switching in the CBLE. Therefore, the 
activity of 250 fourth-grade students within one subtheme in E-Validiv was analyzed by means 
of multilevel hierarchical regression analyses. Students’ activities were saved in logfiles, which 
made it possible to apply trace methodology. 
Study 4 aimed to explore the use of text-to-speech technology and to examine whether 
student characteristics regarding students’ home language, the language of instruction, their 
background, and their learning achievement can explain differences in the use of the bilingual 
auditory support by means of text-to-speech technology. To realize this, multilevel hierarchical 
regression analyses were performed on data of 360 fifth-grade students who had access to 
spoken words (i.e., the auditory modality) in the language of instruction and the other language 
in E-Validiv, next to on-screen text (i.e., the visual modality). 
Study 5 aimed to enrich the insights from Study 3 and Study 4 by means of a qualitative 
approach. Therefore, the principal research aim of Study 5 was to gain insight into the way 
students with a home language other than the language of instruction interact with E-Validiv, 
which gives them support in their home language through different tools. Therefore, six fifth-
grade language minority students were videotaped while working on a subtheme in E-Validiv; 
their activities were logged. Afterwards, they were interviewed by means of stimulated recall on 
the way they had used the CBLE and the different support tools. The descriptive statistics from 
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the logfiles were connected to a cross-case analysis of content features in the interview data by 
means of the constant comparative method (Maso & Smaling, 1998; Merriam, 1998).  
In order to realize research objective 4, an intervention with a pretest-posttest design was set 
up (Study 6). Before and after the intervention, students were administered a background 
questionnaire, a reading performance test, and a science achievement test. The posttest also 
included a test on cognitive ability. The intervention consisted of the Validiv-project, which 
aimed to integrate language minority students’ home languages in the school context. The 
intervention was conducted in two consecutive school years, with students being followed from 
the middle of fourth grade until the end of fifth grade. Whereas 29 schools were randomly 
assigned to the intervention condition, 31 schools acted as control schools. The central aim of 
Study 6 was to examine if the Validiv-project has generated an impact on both students’ 
achievement and socio-emotional well-being. The focus was respectively on science 
achievement and feelings of shame using the home language. In total, data from 865 language 
minority students were analyzed by means of multilevel hierarchical regression analyses for the 
dependent variable ‘science achievement’ and by means of multilevel binomial logistic 
regression analyses for the dependent variable ‘shame using the home language’. At student 
level, the intensity of the use of E-Validiv was taken into account; at school level, the intensity of 
the use of the developed Validiv-tools as a whole was considered.  
 
5. Overview of the dissertation 
The dissertation consists of eight different chapters, of which six are based on research 
manuscripts (see Table 1). These chapters are preceded by an introductory chapter (Chapter 1) 
and completed with a general discussion and conclusion (Chapter 8). Chapter 2 to 7 each report 
on a different empirical study and are based on articles that have been published or submitted 
for publication in international peer-reviewed journals listed in the Social Sciences Citation 
Index. Chapter 3 is somewhat different from the other chapters as it is a theoretical rather than 
an empirical study: it presents the theoretical rationale behind the CBLE developed within the 
context of this dissertation. All other chapters comprise empirical research. Figure 1 presents 
the dissertation’s structure, with an overview of the position of the studies according to the 
research objectives and the interrelatedness between the different chapters. 
Chapter 1 provides a general introduction on this dissertation. It starts with a presentation of 
the research context in which the dissertation is situated. This is followed by an outline of the 
theoretical framework, with a discussion of the relevance of integrating language minority 
students’ home language into their learning process, an overview of different educational 
approaches dealing with the linguistic diversity in classrooms, an examination of CBLEs as a 
useful means to deal with the challenges outlined, and a presentation of the CBLE E-Validiv. 
Furthermore, a detailed overview of the research objectives, the design of the studies, and the 
structure of the dissertation is provided. This is concluded with a consideration of the 
theoretical, empirical, methodological, and practical relevance of the present dissertation for the 
research on and practice with CBLEs aimed at supporting the linguistic diversity present in 
today’s classrooms. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Schematic overview of the dissertation chapters and their relation to the different research objectives. 
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RO 1 
To determine student and 
school characteristics related to 
science achievement 
 
 
 
 
 
 
 
 
RO 2 
To design, develop, and test a 
CBLE with a multilingual 
character to support knowledge 
acquisition in the domain of 
science education 
RO 3 
To determine student and 
classroom characteristics 
related to the use of the 
bilingual content in the 
multilingual CBLE 
RO 4 
To examine the effect of a 
project aimed at integrating 
students’ home languages on 
their science achievement and 
socio-emotional well-being 
 
Chapter 2 
The role of students’ home 
language in science 
achievement: A multilevel 
approach 
 
 
 
 
 
 
 
Chapter 3 
Design guidelines for CBLEs 
aimed at fostering 
knowledge acquisition in 
linguistically diverse 
contexts 
Chapter 4 
Supporting science learning 
in linguistically diverse 
classrooms: Factors related 
to the use of bilingual 
content in a CBLE 
Chapter 7 
Recognizing linguistic 
diversity for learning: What 
does it mean for students’ 
science achievement and 
feelings of shame? 
 
Chapter 5 
Auditory support to assist 
learning in linguistically 
diverse classrooms: Factors 
related to the use of 
bilingual text-to-speech 
technology 
Chapter 6 
What can technology offer 
to linguistically diverse 
classrooms? Using 
multilingual content in a 
CBLE for primary education 
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As a starting point, a study was set up in order to gain a comprehensive understanding of the 
factors that play a role in primary school students’ science achievement. Special focus was put 
on the role of speaking a home language that is different from the language of instruction in light 
of other factors relevant to science achievement. Chapter 2, The role of students’ home language 
in science achievement: A multilevel approach, presents the results of this study, focusing on 
student and school characteristics that are related to fourth-grade students’ science 
achievement. More specifically, student characteristics regarding their background, the language 
of instruction and their home language, and school characteristics regarding school composition 
and teachability expectations were studied. Therefore, a student background questionnaire, a 
reading performance test, and a science achievement test were administered to 1761 fourth-
grade students from 67 schools in Flanders (Belgium). Their parents and teachers were also 
asked to complete a questionnaire. Multilevel hierarchical regression analyses were performed 
to discern factors related to science achievement at both the student level and school level. This 
study formed an important basis for the following studies, as it confirmed that students who 
speak a language at home other than the language of instruction face considerably more 
challenges to perform at a high level for science education. This chapter is based on an article 
that has been published in International Journal of Science Education. 
Chapter 3, Design guidelines for computer-based learning environments aimed at fostering 
knowledge acquisition in linguistically diverse contexts, presents a collection of design guidelines 
that can support the design of CBLEs which aim to foster knowledge acquisition in linguistically 
diverse classrooms. The formulation of these design guidelines is the result of interplay between 
theoretically grounded insights on the basis of a literature review, practical considerations, and 
empirical findings from the CBLE developed within the context of this dissertation. Moreover, 
this chapter introduces the developed multilingual CBLE E-Validiv as a case study. Accordingly, 
it illustrates how the presented design guidelines can be integrated in an actual case. This 
chapter is based on a manuscript that has been submitted for publication in the journal 
Educational Technology Research and Development. 
Chapter 4, Chapter 5, and Chapter 6 focus on the use of the developed CBLE E-Validiv by 
students from fourth and fifth grade. More specifically, 898 students from 35 schools received 
access to E-Validiv during two consecutive school years. They were followed from January 2013 
(i.e., the middle of fourth grade) until June 2014 (i.e., the end of fifth grade). Attention is 
particularly given to supports included in the CBLE which aim to help students who speak a 
language at home other than the language of instruction. More specifically, the focus lies on the 
time dedicated to both languages, the use of the language switch button, and the use of bilingual 
text-to-speech. Therefore, trace methodology by means of logfiles was applied, next to 
observations and interviews on the basis of stimulated recall. Chapter 4, Supporting science 
learning in linguistically diverse classrooms: Factors related to the use of bilingual content in a 
computer-based learning environment, reports on the results of the use of the bilingual content in 
one subtheme of E-Validiv by 250 fourth-grade students. Descriptive analyses were conducted 
to provide insight into students’ time dedicated to the content in both languages and their use of 
the language switch button to access one of both languages. Moreover, multilevel hierarchical 
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regression analyses were performed to determine whether student and classroom 
characteristics were related to this use. More specifically, student characteristics regarding their 
home language, background, and learning achievement as well as classroom characteristics 
regarding the presence of linguistic diversity and the positive use of linguistic diversity by the 
teacher were taken into account. This chapter is based on an article that has been published in 
Computers in Human Behavior. 
Chapter 5, Auditory support to assist learning in linguistically diverse classrooms: Factors 
related to the use of bilingual text-to-speech technology, presents the results on the use of 
bilingual text-to-speech in E-Validiv by 360 fifth-grade students. Their application of the 
auditory support in the language of instruction and another language in combination with the 
on-screen text was examined by means of descriptive analyses. Moreover, multilevel 
hierarchical regression analyses were performed to determine whether certain student 
characteristics were related to the use of the bilingual text-to-speech. More specifically, 
characteristics regarding students’ home language, the language of instruction, their 
background, and learning achievement were examined. The manuscript of this chapter has been 
submitted for publication in Journal of Computer Assisted Learning. 
Chapter 6, What can technology offer to linguistically diverse classrooms? Using multilingual 
content in a computer-based learning environment for primary education, focuses on the way 
language minority students interact with the CBLE E-Validiv when they are provided with 
support in their home language through different tools. This study takes on a qualitative 
approach. Six fifth-grade students were videotaped while working with E-Validiv; their activities 
were also logged. Afterwards, they were interviewed by means of stimulated recall on the way 
they had used the CBLE and the integrated tools. This combination of quantitative descriptive 
data on students’ activities in E-Validiv and qualitative interview data on their reasons behind 
using the different tools can shed light on their motives to appeal to the support in the CBLE in 
particular ways. The manuscript of this chapter has been submitted for publication in Journal of 
Multilingual and Multicultural Development. 
Chapter 7, Recognizing linguistic diversity for learning: What does it mean for students’ science 
achievement and feelings of shame?, evaluates the impact of the Validiv-project as a whole on 
both primary school students’ science achievement and feelings of shame related to using their 
home language. A pretest-posttest design was set up, with an intervention aimed at integrating 
language minority students’ home languages, both in the classroom practice and the broader 
school context. Whereas 29 schools were randomly assigned to the intervention condition, 31 
schools acted as control schools. Before and after the intervention, students were administered a 
background questionnaire, a reading performance test, and a science achievement test. A test on 
cognitive ability was also included in the posttest. To take into account the intensity with which 
the Validiv-project has been implemented, measures with regard to both the use of E-Validiv at 
student level and the use of the Validiv-tools (i.e., E-Validiv, Validiv Case Collection, School Policy 
Guide) at school level were considered. We focused on 865 students who speak a language at 
home other than the language of instruction used at school; they were followed during two 
consecutive school years. Both multilevel hierarchical regression analyses and multilevel 
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binomial logistic regression analyses were performed. The manuscript of this chapter has been 
submitted for publication in Journal of Research on Educational Effectiveness. 
Chapter 8 provides a general discussion and conclusion of the dissertation. It synthesizes the 
main findings of the preceding chapters in relation to the research objectives formulated above. 
These results provide the basis for a discussion around six general theme, focusing consecutively 
on language minority students’ home language as a support, barriers that may hinder its use, the 
value of educational technology, the role of the teacher, valuing linguistic diversity for all, and an 
innovation project as a complex process of change. Additionally, limitations of this dissertation 
and possible directions for future research are formulated. The chapter concludes with a 
discussion of contributions and implications for theory, empirical research, practice, and policy. 
 
6. Relevance of the dissertation 
This dissertation aims to make a contribution in a theoretical, empirical, methodological, and 
practical way to how educational technology can act as a means to positively address the 
linguistic diversity which is present in many of today’s schools. A particular focus lies on how 
language minority students can be supported in their learning process through the appeal to 
their home language. 
From a theoretical point of view, this dissertation contributes to the theoretical rationale 
behind CBLEs in general and CBLEs aimed to support learning in linguistically diverse 
classrooms in particular. More specifically, design guidelines are offered which underlie the 
design of the CBLE E-Validiv. Although the guidelines are not fully comprehensive, they can form 
a basis to advance the development of CBLEs aimed at bridging the achievement gap between 
language minority and language majority students, in particular by means of home language 
support for language minority students.  
From an empirical point of view, the main aim of this dissertation is to gain more insight on 
three fronts. First, we want to broaden the understanding on factors related to students’ science 
achievement, with a specific focus on language minority students. Second, more insight is 
needed on the use of bilingual content and related support tools in a CBLE with a multilingual 
character. Third, we want to contribute to knowledge on the effectiveness of an educational 
innovation aimed at integrating students’ full linguistic repertoire in the classroom practice.  
The methodological relevance of this dissertation is twofold. First, by means of multilevel 
modeling, the hierarchical structure of the data can be taken into account. This is important in 
analyses on data from educational systems, as students attending the same school have more in 
common than students going to another school, for instance through students’ shared 
experiences by being part of the same group (Hox, 1995). We have focused on different levels of 
the educational system through taking into account student, classroom as well as school 
characteristics. This can be considered as a particular strength of the dissertation. Second, the 
insights gained from the quantitative studies are enriched with the results from the qualitative 
study. Bringing together these different perspectives can shed light on factors related to the use 
as well as the motives behind the use of the different support tools in the CBLE under study. 
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The relevance of this dissertation for educational practice and policy particularly lies in the 
development of the CBLE E-Validiv. The multilingual character of the CBLE, with the offer of 
seven different languages, is unique in a national as well as an international context. Although E-
Validiv has been initially developed for research purposes, it has been adapted so that teachers 
can apply it in their classroom practice. Moreover, by means of this dissertation, understanding 
of the complex process of learning in a linguistically diverse context can be broadened. More 
specifically, insights can be gained on students’ use of bilingual content, the way language 
minority students appeal to their home language, and possible barriers they may experience. On 
the one hand, this can help in advancing the practice of teachers who are confronted with 
diverse classrooms in different respects. On the other hand, it can guide policymakers in making 
decisions that no longer consider linguistic diversity as a burden but as a resource. 
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Chapter 2 
The role of students’ home language in science achievement: 
A multilevel approach 
 
 
Abstract 
The present study aimed to identify the role of both student and school level characteristics in 
primary school students’ achievement in the science curriculum. As societies become more 
culturally and linguistically diverse, many students enter the classroom with a home language that 
is different from the language of instruction used at school. This study takes into account both the 
home language and literacy in the language of instruction in relation to student achievement in 
science subjects. Questionnaires, reading performance tests, and science achievement tests were 
administered to 1761 fourth-grade students from 67 schools across Flanders (Belgium). Multilevel 
hierarchical regression analyses show that the home language and literacy in the language of 
instruction play an important role in science achievement at the student level, next to gender and 
socioeconomic status. Students with a home language that is different from the language of 
instruction experience difficulties with science subjects. Moreover, the higher students’ performance 
on reading comprehension and self-assessed proficiency in the language of instruction, the higher 
their score on science achievement tests. At the school level, a school’s teachability expectations are 
one of the key factors related to students’ science achievement. Limitations of this study and future 
directions for research are discussed. 
 
1. Introduction 
Science plays a central role in society, as it is a catalyst for development and the cornerstone of 
culture (Woodgate & Stanton Fraser, 2007). Because this implies a need for a scientifically 
informed citizenry, education in this area is an important outcome of schooling (Duschl, 
Schweingruber, & Shouse, 2007). Nevertheless, research into academic achievement is often 
concerned with literacy and numeracy, leaving other outcomes, such as science education, lower 
on the agenda (Bellens & De Fraine, 2012; Maerten-Rivera, Myers, Lee, & Penfield, 2010). This is 
problematic, as different countries worldwide are faced with a serious and persistent gap in 
academic achievement in science subjects, particularly between majority student groups and 
minority student groups (Duschl et al., 2007; OECD, 2007). 
Recent studies suggest that one of the key factors associated with this achievement gap is the 
language spoken at home. Language minority (LMi) students have another home language, 
which is the language used at home that is different to the language of instruction used at school. 
These students experience greater difficulty attaining the same level in science education than 
language majority (LMa) students (Martin, Mullis, Foy, & Stanco, 2012; OECD, 2009, 2010). 
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However, while a lack of exposure to the language of instruction has been put forward as one of 
the main causes of lower academic performance, such underachievement might not only be 
related to factors within students, but also to factors in the broader context in which students 
participate, such as the classroom or the actual school (Baker, 2011). In light of schools’ growing 
cultural and linguistic diversity, it is important to get a clear picture of the relation between 
students’ home language and other factors that may be relevant to science education and 
achievement (OECD, 2009). The present study aims to identify student and school level 
characteristics that may be related to students’ achievement in science subjects, with a 
particular focus on the role of the home language. 
 
1.1 Science achievement and language 
While science achievement may seem to have little to do with language skills at first sight, 
research suggests that literacy plays a significant role in science education (Yore, Bisanz, & 
Hand, 2003): all students must acquire scientific knowledge and skills through gradually 
mastering a new kind of language, characterized by a specific vocabulary, a high level of 
abstraction and limited contextual support (Van den Branden, 2010). This is particularly 
challenging for LMi students: not only do they have to acquire these new literacy skills - just like 
LMa students -, they must do so in the language of instruction, which they have often not yet 
fully mastered (Goldenberg, 2008). Below, we will look at the role of literacy in the language of 
instruction for science achievement, the importance of reading comprehension, and the 
challenge of having a home language other than the language of instruction.  
The new literacy that students must acquire in order to perform well in science subjects is 
known under different but related names: disciplinary literacy, decontextualized language, and 
cognitive academic language proficiency. In terms of disciplinary literacy, Shanahan and 
Shanahan (2008) distinguish three consecutive levels. While ‘basic literacy’ refers to the 
relatively simple process of decoding words and ‘intermediate literacy’ relates to basic fluency, 
broad word knowledge and comprehension strategies to deal with texts, ‘disciplinary literacy’ 
concerns the mastery of specific concepts and discourses used in subjects such as mathematics, 
science, and history. Disciplinary literacy is closely related to the concept of decontextualized 
language, which refers to abstract language that is distant from the here and now (Rowe, 2013). 
While children use highly contextualized language in their early development (e.g., through 
pointing, labeling, facial expressions,…), they gradually develop the capacity to produce more 
decontextualized language, particularly once they enter school (Davidson, Kline, & Snow, 1986). 
Learning to master decontextualized language is often very challenging due to the associated 
skills required, such as abstract thinking, an underlying assumption of causality, and mastering a 
relatively complex vocabulary and grammar, all of which imply an advanced level of language 
proficiency (Curenton & Justice, 2004; Fang, 2006). Finally, Cummins (1979, 2008) has made a 
distinction between ‘basic interpersonal communicative skills’ (BICS) and ‘cognitive academic 
language proficiency’ (CALP). While BICS deals with the social use of language in daily activities, 
which is context-embedded and characterized by non-verbal support (e.g., conversations), CALP 
refers to the more complex and cognitively demanding language used at school.  
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In later years, Cummins (1981, 1983) refined the distinction between BICS and CALP, 
resulting in a theory represented by four quadrants along two dimensions. The dimension 
‘amount of contextual support’ runs along a continuum from context embedded communication 
(i.e., much support is available during communication, for example through body language) to 
context reduced communication (i.e., very limited or no support is available to understand the 
content); the dimension ‘level of cognitive demand’ runs from a cognitively undemanding (i.e., 
communication does not require a high level of language proficiency) to a cognitively demanding 
form of communication (i.e., much complex information needs to be processed quickly through 
higher-order thinking skills). Classroom activities are mostly characterized by context reduced 
and cognitively demanding communication, with science education as one of the most obvious 
examples: science is concerned with describing phenomena, conceptual reasoning, as well as 
organizing, applying and evaluating new information (Van den Branden, 2010). 
In this context, research suggests that proficiency in the language of instruction influences 
students’ performance in science subjects (Taboada, 2012). Indeed, this relationship has been 
found to come to the fore as early as primary school level (Maerten-Rivera et al., 2010), where 
reading ability is found to play a particularly significant role. Reading comprehension entails 
knowledge of specific vocabulary, text structures, and strategies, which especially have to be 
applied in content-area texts (Snow, 2002). As these texts are used more frequently from late 
elementary school onwards, the ability to comprehend content-area texts is crucial for students 
to succeed in their school career (Shanahan & Shanahan, 2008; Taboada, 2012). For example, 
O’Reilly and McNamara (2007) found that next to science knowledge, science achievement 
scores can be predicted by the individual’s reading skills. Moreover, Taboada (2012) shows that 
knowledge of vocabulary significantly contributes to the comprehension of science texts with 
both LMa and LMi students, even after accounting for proficiency in the language of instruction. 
Research demonstrates that speaking a home language that is different to the language of 
instruction has a negative correlation with science achievement (Janssen & Crauwels, 2011; 
Martin et al., 2012; OECD, 2009, 2010). According to Goldenberg (2008), this is due to the double 
challenge LMi students are faced with: they must acquire academic knowledge and skills 
through a decontextualized school language and they must do this through a language that they 
have often not yet fully mastered. In this context, language can become a significant barrier to 
perform well in science subjects (OECD, 2006), particularly since many LMi students keep on 
struggling to meet the academic demands of content-area texts in secondary school (de Jong, 
2004). For example, LMi students do not so much fail on the foundation skills of the language of 
instruction, such as word decoding, but fall behind in comprehension skills, namely vocabulary 
knowledge and reading comprehension (Cremer & Schoonen, 2013; Proctor, Carlo, August, & 
Snow, 2005; Verhoeven, 2000). Furthermore, their word knowledge is more context-specific and 
less meaning-based than that of LMa students (Cremer & Schoonen, 2013; Verhallen & 
Schoonen, 1993). As a consequence, a large gap in performance levels exists between LMi and 
LMa students for reading comprehension (August, Carlo, Dressler, & Snow, 2005; Proctor et al., 
2005). 
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In sum, research shows that students’ proficiency in the language of instruction and 
particularly their reading abilities are related to science achievement. These factors become 
more critical when students speak a home language that is different to the language of 
instruction. Below, we look at additional factors at both the student and school level in order to 
gain a better understanding of the variables related to the achievement gap in science 
performance. 
 
1.2 Other characteristics related to science achievement 
In terms of student level characteristics, previous studies show that background factors, such as 
gender, grade retention, and socioeconomic status (SES) are related to science achievement. 
More specifically, boys tend to score higher on science achievement than girls (Gielen, Bellens, 
Belfi, & Van Damme, 2012; Maerten-Rivera et al., 2010) and this achievement gap is likely to 
grow during high school (Bacharach, Baumeister, & Furr, 2003). Although grade retention is a 
common measure to help students catch up, research suggests that young people do not benefit 
from repeating a year for academic achievement in general (Jimerson & Ferguson, 2007) and 
science achievement in particular (Janssen & Crauwels, 2011). The learning gain they get from 
repeating a grade is already gone by the end of the following grade (Vandecandelaere, Vanlaar, 
Goos, De Fraine, & Van Damme, 2013). Non-native students and students with a low SES also 
tend to stay behind more than others (Luyten, Staman, & Visscher, 2013). Finally, there are 
strong indications of a negative relationship between students’ SES and their learning outcomes 
(Bellens & De Fraine, 2012; White, 1982): students from families with a low SES tend to 
experience more difficulty in science subjects than students from families with a middle or high 
SES (Maerten-Rivera et al., 2010; Von Secker, 2004).  
While much of the variance in student achievement can be explained by certain student 
characteristics, differences at the class and school level also have a strong impact on student 
outcomes (Bellens & De Fraine, 2012). More specifically, the school size, the average SES of the 
school population, the proportion of LMi students, and teachability expectations appear to be 
related to overall student achievement. For example, Archibald (2006) shows that school size 
has a significantly negative effect on reading and mathematics. In their review, Leithwood and 
Jantzi (2009) conclude that smaller schools are more effective for disadvantaged students (in 
terms of SES, grade retention, and initial achievement), while school size does not matter for 
more advantaged and high-achieving students. Moreover, student background characteristics, 
such as SES, are also important at the school level. Studies show that on top of the individual 
relationship between SES and achievement, there is a strong relationship between the average 
SES of the school population and student achievement (Martin et al., 2012; Sellström & 
Bremberg, 2006). For example, Sellström and Bremberg (2006) found that a high average school 
SES is positively related to students’ achievement in science as well as mathematics. In contrast, 
schools with a high percentage of low SES students experience more difficulty having their 
students meet the science attainment targets (Janssen & Crauwels, 2011). Furthermore, 
previous studies indicate that differences exist between schools according to the proportion of 
LMi students attending the school. For example, Martin et al. (2012) found higher average 
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science achievement in schools with a higher percentage of LMa students. Bellens, Arkens, Van 
Damme, and Gielen (2013) showed that the differences in science achievement between schools 
were very small for LMa students but large for LMi students. This indicates that especially LMi 
students’ performance on science subjects is related to the kind of school they attend. 
Finally, a school’s teachability expectations, which refers to teachers’ school wide beliefs 
regarding the capacity and willingness of their students to learn (Kornblau, 1982), has been 
proposed to also play a role in students’ science achievement. There is general agreement that a 
positive correlation exists between high teachability expectations and student achievement 
(Jussim & Harber, 2005). However, research also shows that teachers behave differently 
towards different groups of students, which may trigger students to adapt their performance 
accordingly. For example, Tettegah (1996) found that teachers have varying teachability 
expectations according to students’ ethnic background. Agirdag, Van Houtte, and Van Avermaet 
(2013) show that teachability expectations tend to be lower in schools with higher numbers of 
non-native and working-class students. As teachers’ expectations can be considered as the 
expression of a shared teacher culture at the school, it becomes a school characteristic that can 
be connected to compositional school features as well as individual student achievement (Van 
Houtte, 2011). 
In general, research on school level characteristics related to science achievement is still very 
scarce. The importance of the school proportion of LMi students with regard to science 
achievement needs further examination. Moreover, to our knowledge, the role of teachability 
expectations has not yet been explored for science achievement. 
 
2. Aim of the study 
As schools become more culturally and linguistically diverse, it is important to gain a more 
comprehensive understanding of the factors that play a role in science achievement at different 
levels of the educational system. This could help close the existing science achievement gap (e.g., 
Duschl et al., 2007; OECD, 2007). The present study aims to identify both student and school 
level characteristics that are associated with primary school students’ science achievement. 
Special attention is given to the role of speaking a home language that is different to the 
language of instruction in the context of other factors relevant to science achievement. As the 
current study is characterized by a clear hierarchical structure of students nested in schools, we 
opt for multilevel modeling.  
 
3. Method 
3.1 Participants 
Data were collected from 1761 fourth-grade students (mean age = 9.76; 49.9% boys; 51.1% 
girls), 1562 parents, and 1255 teachers in a representative sample of 67 primary schools in 
Flanders, the northern part of Belgium. As having a home language other than the language of 
instruction (i.e., Dutch) is the principal variable in this study, three regions with relatively 
Chapter 2 
44 
 
diverse linguistic populations were selected (i.e., Brussels, Ghent, and Limburg). Within these 
selected regions, 214 primary schools were randomly selected and asked to participate; 31.30% 
of them agreed. The participating schools represent the entire range of linguistic composition, 
with a distribution from 0.89% LMi students to 100% LMi students. As the proportion of LMi 
students of the non-participating schools (M = 0.427, SD = 0.281) is not significantly different 
from that of the participating schools (M = 0.411, SD = 0.291) (t(212) = 0.382, p>.05), we 
conclude that the non-response is not related to the schools’ linguistic composition.  
 
3.2 Procedure 
All participating schools were visited by two researchers who tested all fourth-grade students 
during regular class periods. The test consisted of three paper-and-pencil components: a science 
achievement test, a reading comprehension test, and a questionnaire concerning student 
background characteristics. Students’ parents as well as all teachers from their schools also filled 
in a paper-and-pencil questionnaire. In total, 95.8% of the students were present during our 
visit. Next to that, 85.0% of the parents and 75.4% of the teachers completed the questionnaire.  
 
3.3 Measures 
3.3.1 Dependent variable 
Science achievement was measured with a test consisting of 34 items with a multiple-choice 
format. The items were based on the released 2003 science items in Dutch from The 
International Mathematics and Science Study (TIMSS) (Brusselmans-Dehairs & Valcke, 2004). 
The answers were binary coded: students received one point for a correct answer and zero 
points for an incorrect answer, with a maximum score of 34 points. The appendix shows three 
sample items in the domain of physics, life science, and earth science respectively.  
 
3.3.2 Explanatory variables at student level 
Data concerning student gender (girl = 1, boy = 2), grade retention (0 = no grade retention, 1 = 
repeated one or more year(s)), proficiency in the language of instruction (i.e., Dutch), SES, and 
home language were obtained through the student questionnaire. Proficiency in the language of 
instruction was measured through a scale in which students had to self-assess the extent in 
which they think they can understand, speak, read, and write in the language of instruction on a 
5-point Likert scale (1 = very poor; 5 = very strong). Family SES was measured by means of the 
international socioeconomic index of occupational status (ISEI08), with a score from 0 to 100 
(Ganzeboom, de Graaf, & Treiman, 1992). To ascertain reliable results, students and their 
parents were asked about the professional occupation of both parents and whether the home 
language was different to the language of instruction (dialects not included). Parents’ answers 
were used as the reference; when parents did not fill in the questionnaire, students’ answers 
were used.  
To measure reading performance, a reading comprehension test was administered, which 
was based on the reading comprehension test for the end of 3rd grade from the Institute for Test 
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Development (Cito) in the Netherlands (Staphorsius & Krom, 1998). In the present study, the 
test was administered at the beginning of fourth grade. The test consisted of three narrative 
texts (between 15 and 37 lines) and a total of 20 multiple-choice questions. The answers were 
binary coded: students received one point for a correct answer and zero points for an incorrect 
answer, with a maximum score of 20 points.  
 
3.3.3 Explanatory variables at school level 
With regard to the school characteristics, data on school size and the school proportion of LMi 
students were obtained through the Flemish Department of Education. School size refers to the 
total number of officially registered students in the school; the school proportion of LMi 
students gives the proportion of students attending the school who speak a home language that 
is different to the language of instruction. For the measure of SES composition, we assumed that 
fourth-grade students’ mean SES was representative of the SES composition of the school.  
The schools’ teachability expectations were measured through an aggregate measure of the 
Teachable Pupil Survey (Kornblau, 1982). This was part of the teacher questionnaire and was 
thus measured at the teacher level. The survey consists of 31 items on a 5-point Likert scale (1 = 
totally disagree; 5 = totally agree) and gives a measure of teachers’ perceptions of students’ 
teachability, consisting of cognitive-motivational behavior (e.g., “I think the students in this 
school are intelligent”), school-appropriate behavior (e.g., “I think the students in this school 
follow directions”), and personal-social behavior (e.g., “I think the students in this school are 
friendly”). To determine whether these teachability expectations are shared at the school level, 
an index of mean rater reliability was calculated, based on the intraclass correlation coefficient 
(ICC) from a one-way analysis of variance: ICC (1, k) = (between mean square – within mean 
square) / between mean square (with k = number of teachers in each school) (Shrout & Fleiss, 
1979; Van Houtte, 2004). This measure indicates whether the variance between schools is 
significantly larger than the variance within schools and thus whether there is less difference 
within than between schools. As the ICC must be above .70 to permit an aggregation at the 
organizational level (Dixon & Cunningham, 2006) and the ICC for the schools’ teachability 
expectations in the present study was .90, the teachability expectations measured at the teacher 
level could be aggregated at the school level. Hence, teachability expectations are shared within 
schools more than between schools, which makes it legitimate to speak of a school’s teachability 
expectations.  
 
3.4 Data analysis 
The data in this study have a clear hierarchical structure: 1761 students (level 1) are nested 
within 67 schools (level 2). Students attending the same school actually have more in common 
than students going to another school, for example through students’ shared experiences by 
being part of the same group (Hox, 1995). Therefore, the relationship between both student 
characteristics and school characteristics and students’ science achievement was analyzed by 
means of multilevel modeling based on hierarchical regression (MLwiN 2.29). We do not include 
the teacher level here because the study was conducted at the beginning of fourth grade, and 
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thus students had not had much experience with their classroom teacher at that stage. 
Furthermore, the variance at the teacher level was not significantly different from zero (σ2u0 = 
0.025, χ2 = 0.010, df = 1, p>.05).  
The inclusion of different variables in consecutive models was guided by the results of 
educational effectiveness research (Bellens & De Fraine, 2013; Creemers & Kyriakides, 2008; 
Scheerens, 1990). As we focus on the role of the home language, we first entered more general 
characteristics as control variables before adding characteristics related to home language. First, 
a fully unconditional null model was tested to examine whether a multilevel approach was 
justified compared to a single-level regression analysis. Student background characteristics (i.e., 
gender, grade retention, SES), student characteristics with regard to proficiency in the language 
of instruction (i.e., self-assessed proficiency in Dutch, reading performance) and home language 
were consecutively added to the model. Following this, we added general school characteristics 
(i.e., school size, school SES composition), the proportion of LMi students and the schools’ 
teachability expectations. Through this stepwise multilevel approach, the additional value of 
each subset of variables to the model could be assessed. Before each subset of variables was 
added to the model, non-significant factors were omitted so the analyses could be continued 
with the most parsimonious model (i.e., a model with only significant factors). In the final model, 
complex variance at the school level was allowed for all predictor variables. Parameter 
estimation is based on the iterative generalized least squares (IGLS) algorithm; model fit was 
obtained by determining the significance of the difference in deviance between two consecutive 
models.  
 
4. Results 
4.1 Descriptive statistics 
Descriptive statistics for fourth-grade students’ scores on the science achievement test and other 
variables were computed with SPSS PASW Statistics 22. An overview of the means, standard 
deviations, internal consistency measures (Cronbach’s alpha) for each of the scales used and 
Pearson’s bivariate correlations between all variables can be found in Table 1 for the student 
(level 1) variables and in Table 2 for the school (level 2) variables. 
 
4.2 Multilevel analysis 
Model 0. The first step of analyzing the relationship between student (level 1) and school (level 
2) characteristics with students’ science achievement comprised a fully unconditional two-level 
null random intercepts model with science achievement as response variable (Model 0). The 
intercept of the null model represents the overall mean score (M = 21.006) on the science 
achievement test for all students across all schools. Assuming a normal distribution with a mean 
of 21.006 and a variance of 6.93, the 95% coverage bounds show that in the 2.5% highest 
achieving schools students’ average science achievement score is 26.16 (21.006 + 1.96√6.93), 
 Table 1: Descriptive statistics, internal consistency and Pearson’s bivariate correlates for level 1 variables. 
 M(SD) α(n) 1 2 3 4 5 6 7 
1. Gender -  1       
2. Grade retention -  .01 1      
3. SES 50.27(22.48)  -.01 -.29*** 1     
4. Proficiency Dutch 4.34(0.59) .73(4) -.05* -.10*** .07** 1    
5. Reading achievement 11.99(4.87) .85(20) -.10*** -.30*** .37*** .24*** 1   
6. Home language -  .00 .23*** -.35*** -.22*** -.35*** 1  
7. Science achievement 21.30(4.88) .72(34) .05* -.26*** .38*** .19*** .61*** -.39*** 1 
*p<.05, **p<.01, ***p<.001 
Note: M = mean; SD = standard deviation; α = Cronbach’s alpha; n = number of items 
 
 
 
Table 2: Descriptive statistics, internal consistency and Pearson’s bivariate correlates for level 2 variables. 
 M(SD) α(n) 1 2 3 4 
1. School size 360.64(186.91)  1    
2. School SES composition 50.12(12.07)  .02 1   
3. School proportion 
    LMi students 
0.37(0.28)  -.22 -.51*** 1  
4. School teachability 
    expectations 
3.50(0.29) .95(31) .14 .76*** -.65*** 1 
*p<.05, **p<.01, ***p<.001 
Note: M = mean; SD = standard deviation; α = Cronbach’s alpha; n = number of items 
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whereas students score on average 15.86 points (21.006 - 1.96√6.93) in the 2.5% lowest 
achieving schools.  
The random part of Model 0 indicates that the variances at both the school level (σ2u0 = 6.93, 
χ2 = 26.93, df = 1, p<.001) and the student level (σ2e0 = 17.57, χ2 = 843.13, df = 1, p<.001) are 
significantly different from zero, which justifies the use of multilevel modeling. The variance 
partitioning coefficient gives the proportion of the variance that is attributed to differences 
between schools by dividing the between-school variance by the total variance of science 
achievement among students (6.93/(6.93 + 17.57)). The results indicate that 28.28% of the 
variance in students’ science achievement is due to differences between schools, whereas 
71.72% relates to differences between students within schools. By introducing additional 
variance at the school level, the two-level null random intercepts model is a significant 
improvement over the single-level model (χ2 = 376.79, df = 1, p<.001). A summary of all model 
estimates can be found in Table 3, together with the standardized regression coefficients for the 
continuous factors (β* = B(sx/sy)) (Katz, 2006).  
 
Model 1. Second, the student background characteristics (level 1) (i.e., gender, grade retention, 
and SES) were included in the fixed part of Model 1. For gender, girl was chosen as the reference 
category; for grade retention, being in the appropriate grade was selected as the reference 
category. SES was centered around its grand mean to increase interpretability. The positive fixed 
slope for gender (χ2 = 5.303, df = 1, p<.05) showed that boys perform on average higher than 
girls in science subjects (21.254 + 0.455 = 21.709). In terms of grade retention, having repeated 
one or more year(s) is negatively associated with science achievement (χ2 = 24.530, df = 1, 
p<.001). Finally, the higher the family’s SES, the higher students perform on the science 
achievement test (χ2 = 109.535, df = 1, p<.001). On the basis of a comparison of the deviance, 
Model 1 fits the data better than Model 0 (χ2 = 474.59, df = 3, p<.001).  
 
Model 2. In the third step, student characteristics with regard to proficiency in the language of 
instruction were integrated into the model. Both self-assessed proficiency in the language of 
instruction and reading achievement were centered around their grand mean to increase 
interpretability. Although this new Model 2a fitted the data significantly better than Model 1 (χ2 
= 654.98, df = 2, p<.001), grade retention was no longer significant (χ2 = 2.167, df = 1, p>.05). 
Therefore, grade retention was omitted from the model, resulting in Model 2b. This more 
parsimonious model fits the data significantly better than Model 0 (χ2 = 998.803, df = 4, p<.001). 
The fixed slopes for proficiency in the language of instruction (χ2 = 16.218, df = 1, p<.001) as 
well as reading performance (χ2 = 520.750, df = 1, p<.001) are significantly and positively 
related to science achievement.  
 
Model 3. The fourth step consisted of including the student level predictor home language in the 
fixed part of the model. The category of having the same home language as the language of 
instruction was taken as the reference category. Having another home language is significantly 
and negatively related to science achievement (χ2 = 28.681, df = 1, p<.001), with a fixed slope of      
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-1.196. This implies that LMi students experience more difficulty in reaching a sufficient 
performance level in science subjects. Model 3 fits the data significantly better than Model 2b (χ2 
= 59.479, df = 1, p<.001).  
 
Model 4. In the fifth step of model specification, school level explanatory variables (level 2) were 
included. First, the general school characteristics (i.e., school size and school SES composition) 
were added. Both were centered around their grand mean to increase interpretability. The 
resulting Model 4a fitted the data significantly better than Model 3 (χ2 = 6.874, df = 2, p<.05). 
Nevertheless, school size did not make a significant contribution (χ2 = 0.000, df = 1, p>.05) and 
was therefore removed from the model. The more parsimonious Model 4b fits the data 
significantly better than Model 3 (χ2 = 6.874, df = 1, p<.01). As SES school composition in Model 
4b is associated with a significant positive slope (χ2 = 7.114, df = 1, p<.01), this implies that in 
schools with an average higher SES score students attain a higher level in science achievement.  
 
Model 5. In the second stage of entering school level explanatory variables, the school proportion 
of LMi students was added to the model. This parameter was centered around its grand mean. 
Although Model 5a fits the data significantly better than Model 4b (χ2 = 5.457, df = 1, p<.05), 
school SES composition (χ2 = 1.713, df = 1, p>.05) did not significantly contribute to the model 
anymore. Therefore, a new Model 5b was fitted. At school level, this model only included the 
school proportion of LMi students. This new model fits the data significantly better than the 
model without school level explanatory variables, Model 3 (χ2 = 10.639, df = 1, p<.05). The 
school proportion of LMi students is negatively related to science achievement (χ2 = 11.141, df = 
1, p<0.001), indicating that this factor has to be considered when students’ science achievement 
is being studied.  
 
Model 6. The third stage of including school level explanatory variables consisted of entering the 
school’s teachability expectations, which was aggregated from teacher data and centered around 
its grand mean. Although Model 6a fits the data significantly better than Model 5b (χ2 = 8.138, df 
= 1, p<.05), the school proportion of LMi students (χ2 = 1.281, df = 1, p>.05) was no longer 
significant. As a consequence, a new Model 6b was fitted, which only included the aggregated 
teachability expectations at the school level. This new model is a significantly better fit for the 
data than Model 3 without school level variables (χ2 = 17.509, df = 1, p<.001). As schools’ 
teachability expectations are associated with a significant positive slope (χ2 = 19.133, df = 1, 
p<.001), this indicates the importance of taking into account the expectations teachers have with 
regard to the school’s student population.  
 
Model 7. In the final step of model specification, random variance for all predictor variables was 
allowed at the school level. However, only the random variance of the slope for school 
teachability expectations was significant (χ2 = 7.206, df = 1, p<.01), indicating a difference in the 
slopes between schools. More specifically, the relationship between school teachability 
expectations and science achievement is not as strong in every school. Furthermore, allowing 
 Table 3: Regression coefficients and standard errors from the random intercept model (dependent variable: score on science achievement test). 
 Single-level Model 0 Model 1 Model 2a Model 2b Model 3 Model 4a 
Fixed part        
Intercept (cons) 21.300(.116)*** 21.006(.341)*** 21.254(.292)*** 20.851(.205)*** 20.742(.198)*** 21.480(.229)*** 21.466(.224)*** 
Student level        
Gender   0.455(.198)* 1.031(.176)*** 1.038(.175)*** 1.007(.175)*** 1.003(.174)*** 
Grade retention   -1.204(.243)*** -0.320(.218)    
SES   0.053(.005)*** 
β* = .244 
0.031(.005)*** 
β* =.143 
0.032(.004)*** 
β* =.147 
0.027(.005)*** 
β* =.124 
0.024(.005)*** 
β* =.111 
Proficiency Dutch    0.655(.158)*** 
β* =.079 
0.636(.158)*** 
β* =.077 
0.533(.158)*** 
β* =.064 
0.547(.158)*** 
β* =.066 
Reading performance    0.475(.022)*** 
β* =.474 
0.487(.021)*** 
β* =.486 
0.477(.021)*** 
β* =.476 
0.470(.022)*** 
β* =.469 
Home language      -1.196(.223)*** -1.137(.225)*** 
School level        
School size       -0.000(.001) 
β* =.000 
School SES composition       0.036(.013)** 
β* =.089 
School proportion LMi 
students 
       
Teachability expectations        
        
Random part         
School level σ2u0 (between)  6.930(1.335)*** 4.009(.831) 1.476(.356)*** 1.538(.367)*** 1.176(.302)*** 1.025(.274)*** 
Student level σ2e0 (within) 23.796(.804)*** 17.573(.605)*** 16.094(.563) 12.355(.436)*** 12.433(.436)*** 12.322(.433)*** 12.315(.432)*** 
        
Model fit        
Deviance (-2LL) 10536.990 10160.203 9685.613 9030.633 9161.400 9101.921 9095.047 
χ2  376.79 474.59 654.98 998.803 59.479 6.874 
df  1 3 2 4 1 2 
p  *** *** *** *** *** * 
Reference model  Single-level Model 0 Model 1 Model 0 Model 2b Model 3 
        
Variance at level 2        
ρ(%)  28.28 19.95 10.67 11.00 8.71 7.68 
*p<.05, **p<.01, ***p<.001 
Note: β* are standardized coefficients; values in parentheses are standard errors 
 Table 3 (continued): Estimates and standard errors from the random intercept model (dependent variable: score on science achievement test). 
 Model 4b Model 5a Model 5b Model 6a Model 6b Model 7 
Fixed part       
Intercept (cons) 21.467(.223)*** 21.404(.221)*** 21.399(.223)*** 21.380(.216)*** 21.407(.216)*** 21.501(.193)*** 
Student level       
Gender 1.003(.174)*** 0.994(.174)*** 0.993(.174)*** 0.986(.174)*** 0.988(.174)*** 0.976(.174)*** 
Grade retention       
SES 
 
0.024(.005)*** 
β* =.111 
0.025(.005)*** 
β* =.115 
0.027(.005)*** 
β* =.124 
0.025(.005)*** 
β* =.115 
0.025(.005)*** 
β* =.115 
0.025(.005)*** 
Proficiency Dutch 0.547(.158)*** 
β* =.066 
0.522(.158)*** 
β* =.063 
0.509(.158)** 
β* =.062 
0.517(.158)** 
β* =.063 
0.526(.158)*** 
β* =.064 
0.476(.165)** 
Reading performance 0.470(.022)*** 
β* =.469 
0.466(.022)*** 
β* =.465 
0.468(.021)*** 
β* =.467 
0.463(.022)*** 
β* =.462 
0.464(.021)*** 
β* =.463 
0.465(.026)*** 
Home language -1.137(.223)*** -0.963(.235)*** -0.949(.235)*** -0.929(.234)*** -1.003(.225)*** -1.016(.214)*** 
School level       
School size       
School SES composition 0.036(.013)** 
β* =.089 
0.019(.015) 
β* =.047 
    
School proportion LMi 
students 
 -1.568(.663)* 
β* = -.090 
-1.978(.592)*** 
β* = -.113 
-0.785(.693) 
β* = -.045 
  
Teachability expectations    1.883(.642)** 
β* =.112 
2.306(.527)*** 
β* =.137 
2.584(.618)*** 
       
Random part       
School level σ2u0 (between) 1.025(.274)*** 0.925(.257)*** 0.964(.263)*** 0.792(.231)*** 0.819(.236)***  
Student level σ2e0 (within) 12.315(.432)*** 12.307(.432)*** 12.306(.432)*** 12.305(.432)*** 12.305(.432)*** 12.184(.443)*** 
       
Model fit       
Deviance (-2LL) 9095.047 9089.590 9091.282 9083.144 9084.412 9078.480 
χ2 6.874 5.457 10.639 8.138 17.509 5.932 
df 1 1 1 1 1 27 
p ** * ** ** ***  
Reference model Model 3 Model 4b Model 3 Model 5b Model 3 Model 6b 
       
Variance at level 2       
ρ(%) 7.68 6.99 7.26 6.05 6.24  
*p<.05, **p<.01, ***p<.001 
Note: β* are standardized coefficients; values in parentheses are standard errors 
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the slopes to vary between the higher-level units of schools did not result in a significant model 
improvement (χ2 = 5.932, df = 27, p>.05). Therefore, model 6b was retained as the final model.  
The standardized regression coefficients of Model 6b (see Table 3) permit to compare the 
relative contribution of the different continuous variables to science achievement. More 
specifically, especially reading performance is an important factor in science achievement, 
followed by a school’s teachability expectations, SES at student level, and proficiency in the 
language of instruction respectively. For the categorical variables, only unstandardized 
regression coefficients can be obtained.  
Finally, the proportion of explained variance at the student and school level was obtained by 
calculating the squared multiple correlation coefficient R². Therefore, both R²1 at the student 
level (i.e., the proportional reduction of error for predicting an individual outcome with R²1 = 1 – 
((σ2e0+σ2u0)conditional model / (σ2e0+σ2u0)unconditional model)) and R²2 at the school level (i.e., the 
proportional reduction of error for predicting a group mean with R²2 = 1 – (((σ2e0 / 
ñ)+σ2u0)conditional model / ((σ2e0 / ñ)+σ2u0)unconditional model)) were calculated (Jee-Seon, 2009; Snijders 
& Bosker, 1999). Table 4 shows the proportion of explained variance at both the student level 
(R²1) and the school level (R²2) for the consecutive estimated models. The proportion of 
explained variance attributed to the different integrated factors in the subsequent models is 
identified by ΔR²1 and ΔR²2. In comparison with Model 1, the proportion of explained variance in 
Model 2b increases by 25.0% at the student level and 33.9% at the school level, which is due to 
the integration of the student characteristics proficiency in the language of instruction and 
reading achievement. Moreover, the addition of the student characteristic home language results 
in an extra proportion of variance of 1.90% and 4.70% at the student and the school level 
respectively. Finally, integrating the school’s teachability expectations leads to an additional 
proportion of variance at both the student and the school level of 1.50% and 4.60% respectively. 
 
Table 4: Proportion of explained variance at the student and school level. 
 Model 1 Model 2b Model 3 Model 6b 
R²1 (proportion of variance 
explained at student level) 
.180 .430 .449 .464 
ΔR²1  .250 .019 .015 
R²2 (proportion of variance 
explained at school level) 
.382 .721 .768 .814 
ΔR²2  .339 .047 .046 
 
 
5. Discussion 
In light of the growing cultural and linguistic diversity at schools, it is important to understand 
what factors are related to science achievement at different levels of the educational system 
(Duschl et al., 2007; OECD, 2007). Especially students with a home language that is different to 
the language of instruction (LMi students) seem to have great difficulties in performing at a high 
level in science subjects (Martin et al., 2012; OECD, 2009, 2010). The purpose of this study was 
to examine factors at both the student and school level that may play a role in science 
achievement, with a special focus on the home language.  
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Different student characteristics are significantly related to science achievement. In line with 
previous research (Gielen et al., 2012; Maerten-Rivera et al., 2010), boys tend to attain a higher 
performance level in science than girls. Students from families with a higher SES also achieve 
higher results in science performance, which is supported by previous findings (Duncan et al., 
1998; White, 1982). Although grade retention was initially negatively related to science 
achievement, this association was non-significant when proficiency in the language of 
instruction and reading performance were accounted for. This finding suggests that the negative 
correlation of grade retention with science achievement is embedded in proficiency in the 
language of instruction and reading achievement. This result reflects studies which have found 
grade retention to be negatively related to reading achievement (Silberglitt, Appleton, Burns, & 
Jimerson, 2006), particularly for minority students (Luyten et al., 2013).  
In line with previous research (O’Reilly & McNamara, 2007; Taboada, 2012), being proficient 
in the language of instruction and particularly in reading comprehension is positively related to 
science achievement: the higher students’ self-assessed proficiency in the language of 
instruction and especially their performance on reading comprehension, the higher their science 
achievement. As the proportion of explained variance shows, these variables have a strong 
explanatory power in the model. This confirms that competence in the language of instruction 
should not be underestimated when it comes to science achievement (Maerten-Rivera et al., 
2010; Taboada, 2012): to acquire scientific knowledge and skills, students need to master 
science literacy (Shanahan & Shanahan, 2008). This means that it is important to become 
familiar with the cognitively demanding and decontextualized language that is commonly used 
at school (Cummins, 1981, 1983; Van den Branden, 2010), particularly as students will be 
confronted with more content-area texts, such as science texts, during their further school 
career (de Jong, 2004; Shanahan & Shanahan, 2008; Taboada, 2012).  
Regarding the role of the home language in science achievement, our findings show that LMi 
students face an extra challenge in performing highly on science subjects. This result illustrates 
what Goldenberg (2008) calls the double challenge LMi students are faced with: they have to 
acquire academic knowledge and skills through a language that they have not yet mastered fully. 
Although it is generally assumed that students who are able to converse in the language of 
instruction can also think abstractly in that language (e.g., in a domain such as science), this 
should not be taken for granted (Collier, 1989). The decontextualized language needed for 
school is an obstacle for many students, particularly LMi students, as the language and its 
vocabulary become increasingly complex and less connected to directly observable contexts 
(Hiebert & Lubliner, 2008).  
The characteristics situated at the school level give a rather complex picture. Although 
previous studies indicate that the school size has an impact on student achievement (Archibald, 
2006; Leithwood & Jantzi, 2009), the present study did not confirm this for science achievement. 
Moreover, in contrast to other studies (Archibald, 2006; Janssen & Crauwels, 2011; Sellström & 
Bremberg, 2006), SES school composition did no longer make a significant contribution when 
the proportion of LMi students was taken into account. As the majority of LMi students in 
Flanders also come from families with a low SES (Van den Branden, 2010), the association 
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between SES school composition and science achievement may be absorbed by the proportion of 
LMi students in the school. Furthermore, there are indications that the home language may play 
a role at the school level for achievement: the proportion of LMi students attending a school 
seems to be negatively related to science achievement, which is in line with other studies 
(Bellens et al., 2013; Martin et al., 2012). This may indicate that students attending schools with 
a linguistically diverse student population face more difficulty in attaining a proficient level in 
science studies. However, this relationship disappears when schools’ teachability expectations 
are brought into consideration. More specifically, our results indicate that students attending 
schools where teachers have lower expectations of the student population perform at a lower 
level in science subjects. As the teachability expectations show a high negative correlation with 
the school proportion of LMi students, this suggests that teachers working in schools with a 
linguistically diverse student population have lower expectations with regard to their students. 
This is in line with Agirdag et al.’s (2013) finding that teachers in schools with a high proportion 
of migrant and working-class students have particularly lower teachability expectations. 
According to these authors, a teacher’s belief that having a home language other than the 
language of instruction is a burden produces lower teachability expectations and, thus, lower 
student performance. However, teachers’ lower teachability expectations are not necessarily the 
cause of students’ lower achievement: teachers often make an accurate judgment of students’ 
capacities (Jussim & Harber, 2005). Further research is needed to unravel the reciprocity of this 
relationship, particularly with regard to science achievement.  
A number of limitations in the present study should be taken into account. First, additional 
variables at both the student (e.g., proficiency in the home language) and the school level (e.g., 
resources, such as number of support hours) could have been included to broaden our 
understanding of the factors related to science achievement. Factors at the classroom level 
should also be taken into account in future research. In order to better understand the role of the 
home language in science achievement, it is important to consider other aspects of this factor. In 
particular, more insight should be gained in the quality of instruction for LMi students. For 
example, the resources available in the classroom, teachers’ focus on actively engaging LMi 
students in their learning process, and the quality of feedback should be studied more into 
depth. Second, our data were collected at a single point in time, which means that we cannot 
make judgments about causal relationships. Future studies using a longitudinal design could 
shed more light on the factors which have a genuine effect on science achievement. More 
research is also needed to clarify the relationship between a school’s teachability expectations, 
learning achievement in general and science achievement in particular (e.g., through interviews 
with teachers or classroom observations).  
The present study contributes to the existing research by examining the relationship between 
primary school students‘ science achievement and factors at both the student and the school 
level. The demonstrated importance of language in general and speaking a different home 
language than the language of instruction in particular contains a number of implications. First, 
the finding that the home language plays a significant role in science achievement at the student 
level confirms the theoretical assumption that LMi students experience a greater challenge in 
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reaching a high level for science achievement. Future research should focus on developing new 
ways to support such students in their learning process. Although the most obvious option 
would be to invest in initiatives focusing on the language of instruction, the home language can 
also be brought into the learning process as a scaffold (Clark, Touchman, Martinez-Garza, 
Ramirez-Marin, & Drews, 2012; Msimanga & Lelliott, 2014). Content areas such as science can 
serve as a content vehicle, providing a rich source of input for learning (Cummins, 1986). As 
existing achievement gaps are often related to ignoring the knowledge and skills a child has 
already acquired in his home language (Baker, 2011), this alternative route may provide the 
opportunity to incorporate students’ linguistic repertoire as didactic capital into the learning 
process (Sierens & Van Avermaet, 2010). This would be particularly valuable in light of school 
populations’ growing linguistic diversity. Second, proficiency in the language of instruction and 
especially reading achievement contributes considerably to science achievement. Initiatives 
focusing on rich vocabulary instruction (Beck, Perfetti, & McKeown, 1982) and comprehension 
skills (Melby-Lervag & Lervag, 2014) can serve both LMi and LMa students to become more 
proficient in science literacy. Third, of all school characteristics taken into account in this study, 
the school’s teachability expectations are particularly important when it comes to science 
achievement. Thus, the present study adds to the limited research on school composition effects 
and the associated teacher culture in relation to students’ linguistic diversity (Bellens et al., 
2013; Maerten-Rivera et al., 2010; Van Houtte, 2004). As teachability expectations are highly 
correlated with the proportion of LMi students attending the school, schools with an unbalanced 
mix in their student population should be provided with extra means of support in dealing with 
the challenges they are faced with.  
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Appendix. Sample items of the science achievement test 
 
Question 19 
What happens to water when it boils? 
A. It changes colour. 
B. It becomes heavier. 
C. It changes into water vapour. 
D. It stops bubbling. 
 
 
Question 24 
Immediately before and after running a 50 meter race, your pulse and breathing rates are taken. 
What changes would you expect to find? 
A. no change in pulse but a decrease in breathing rate 
B. an increase in pulse but no change in breathing rate 
C. an increase in pulse and breathing rate 
D. a decrease in pulse and breathing rate 
E. no change in either 
 
 
Question 34 
Kate sees a full moon. About how much time will go by before the next full moon? 
E. one week 
F. two weeks 
G. one month 
H. one year 
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Chapter 3 
Design guidelines for computer-based learning environments 
aimed at fostering knowledge acquisition in 
linguistically diverse contexts 
 
 
Abstract 
Educational technology in general, and computer-based learning environments (CBLEs) in 
particular, offer promising pathways to positively employ the linguistic diversity that is present in 
today’s classrooms. Particularly language minority students’ home language can be integrated in 
CBLEs in ways that support the learning process and bridge current achievement gaps with 
language majority peers. However, research describing the design of such CBLEs and the rationale 
behind them remain scarce. With this contribution, we offer a collection of design guidelines that 
can support the design of CBLEs aimed at fostering knowledge acquisition in linguistically diverse 
classrooms. We started from the consideration that the design of CBLEs needs to be guided by 
theoretical insights on how the human mind works and how instruction can facilitate learning. 
Moreover, the way that language minority students can appeal to their home language as a 
support needs to be taken into account. These considerations resulted in three clusters of design 
guidelines, which respectively focus on linguistic diversity, learning, and instruction. They are 
rooted in theoretical insights as well as insights from research and practical considerations. The 
design guidelines are presented, connected to the research literature, and discussed. Moreover, the 
multilingual CBLE, E-Validiv, is addressed as a case study to illustrate how the design guidelines 
can be put to use. 
 
1. Background 
Today’s society is characterized by growing cultural and linguistic diversity, which is in large 
part due to processes of migration and globalization (Vertovec, 2007). This trend is also 
reflected in schools, as students enter classrooms with diverse linguistic repertoires. A 
distinction can be made between language minority and language majority students. On the one 
hand, language minority students use other languages at home than the language that is used for 
instruction at school, further indicated as the language of instruction. As such, these students 
have already gained knowledge and skills in a home language that is different from the language 
of instruction (Goldenberg, 2008). On the other hand, language majority students are defined as 
students who speak the same language at home as the language of instruction. Yet, these 
students get acquainted with different languages from a young age onwards, for example 
through television, Internet, and computer games (Kuppens, 2007).  
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Large-scale studies indicate that language minority students face considerable challenges to 
attain the same achievement level as their language majority peers, for example in the context of 
science education (e.g., Bellens, Arkens, Van Damme, & Gielen, 2013; Martin, Mullis, Foy, & 
Stanco, 2012; OECD, 2010; Van Laere, Aesaert, & van Braak, 2014). Hence, a persistent 
achievement gap between language minority and language majority students can be determined. 
Many policymakers state that having a home language other than the language of instruction is 
one of the key factors related to this achievement gap (Pulinx, Agirdag, & Van Avermaet, 2014). 
As a response, they argue for a monolingual approach in schools, with an exclusive focus on 
learning in and through the language of instruction. Teachers strongly adhere to the 
implementation of this monolingual policy, as it is in line with their belief that all students need 
to be fully proficient in the language of instruction to successfully participate in education, their 
conviction that language minority students only use the language of instruction during school 
time, and their fear of loss of control over their classroom practice should students use other 
languages (Pulinx et al., 2014; Van den Branden & Verhelst, 2011). As such, reference to the 
knowledge and skills language minority students have already built up in their home language is 
rare (Auerbach, 1993; Kenner, Gregory, Ruby, & Al-Azami, 2008; Riches & Genesee, 2006). 
Moreover, teachers do not seem to have sufficient competences and cannot rely on a variety of 
tools to appeal to every student’s home language in the classroom (Clark, Touchman, Martinez-
Garza, Ramirez-Marin, & Drews, 2012; Helot & Young, 2002; Pulinx et al., 2014). Nevertheless, a 
growing body of research argues for providing multilingual resources in mainstream education 
(Edwards, Monaghan, & Knight, 2000; Kenner et al., 2008; Moreno & Durán, 2004; Proctor, 
Dalton, & Grisham, 2007). In this way, language minority students’ home language can be 
integrated in their learning process as a powerful support tool for knowledge acquisition in the 
language of instruction (Sierens & Van Avermaet, 2014). Moreover, the metalinguistic 
awareness of all children, including monolingual speakers, can be increased (Helot & Young, 
2002). 
With the rise of technological advancements, computer-based learning environments (CBLEs) 
can be a viable means to appeal to every student’s own linguistic repertoire and thus to include 
language minority students’ home language as a didactic resource. A CBLE can be regarded as a 
way to support students via tools, strategies, or guides in order to gain higher levels of 
understanding, which would otherwise be beyond their reach (Salomon, Globerson, & Guterman, 
1989; Saye & Brush, 2002; Simons & Klein, 2007). Hence, CBLEs can particularly support 
language minority students’ learning through offering authentic language support in their home 
language (e.g., Clark et al., 2012), while fostering their acquisition of challenging knowledge and 
skills (Lajoie & Azevedo, 2006). Moreover, the combination of different media (e.g., text, images, 
audio) in one interface can offer unique learning opportunities, as it can accommodate 
individual needs and preferences (Brett, 1995; Dalton & Strangman, 2006). This is particularly 
true when the learner is in control and can explore the different options (Edwards et al., 2000).  
Valuable efforts have already been undertaken to explore the benefits of integrating support 
in language minority students’ home language into CBLEs in compulsory education. For 
example, HELP Math (Help with English Language Proficiency) is a web-based additional 
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mathematics curriculum for English Language Learners speaking Spanish at home to develop 
mathematical vocabulary and proficiency in the language of instruction (i.c., English) (Freeman, 
2012; Freeman & Crawford, 2008). Among other support tools, support in Spanish is integrated 
through hyperlinks referring to contextual definitions, a button giving access to the summary of 
the content of a page, and a key terms dictionary with math content definitions (e.g., percentage) 
and general academic language (e.g., equation). Second, the Universal Literacy Environment is a 
CBLE to strengthen both vocabulary knowledge and reading comprehension through 
multimedia texts with support of embedded vocabulary and comprehension strategy supports in 
students’ home language (i.c., Spanish) and the language of instruction (i.c., English) (Dalton & 
Proctor, 2007; Dalton, Proctor, Uccelli, Mo, & Snow, 2011; Proctor et al., 2007, 2011). The 
environment consists of multimedia texts with, among other support tools, a Spanish-English 
bilingual pedagogical agent, Spanish translation of all texts, directions, and instructional 
supports, and text-to-speech available in both languages. Third, in the Wolves Project within 
WISE (Web-based Inquiry Science Environment) (Clark et al., 2012), students can go through the 
content in both the language of instruction (i.c., English) and their home language (i.c., Spanish) 
by means of switching between pages. They also have access to definitions of words or phrases 
in either language. The results show that language minority students gain greater understanding 
about science topics in the language of instruction when they have access to the content and 
supports in both their home language and the language of instruction, in comparison with the 
format with only the language of instruction available (Clark et al., 2012).  
Despite these useful examples, research on CBLEs integrating linguistic supports with the aim 
of appealing to students’ home language as a resource in their learning process is still in its 
infancy. This requires bringing together the existing research on technology, literacy, 
bilingualism, and second language acquisition (Proctor et al., 2007). Moreover, contributions 
explicitly focusing on the design of CBLEs and the frameworks behind them remain scarce. 
However, decisions on how to design a learning environment with multimedia always reflect an 
underlying conception of how people learn (Mayer, 2010). The design of instructional materials 
in general, and CBLEs in particular, should be based on theoretical insights from cognitive 
theory as well as research into instructional design to move teaching and learning in new 
technologies forward (Deubel, 2003; Mayer, 2010). Therefore, it is crucial to make explicit the 
decisions that shape the design of CBLEs.  
 
2. General purpose 
Our research is guided by the question of how CBLEs can be set up to foster domain-specific 
knowledge acquisition in linguistically diverse classroom contexts. The aim of this contribution 
is to present a collection of design guidelines to underpin the development of such CBLEs. A 
special focus is put on the way that language minority students’ home language can be included 
in these kinds of CBLEs as a didactical resource for their learning process. At the same time, we 
pursue an inclusive classroom approach in which every student can apply his/her existing 
linguistic repertoire. Further, we apply these design guidelines to a CBLE for science education. 
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3. Design guidelines for CBLEs to support knowledge acquisition 
in linguistically diverse contexts 
Different aspects need to be taken into consideration for the design of CBLEs aimed at 
knowledge acquisition in linguistically diverse contexts. First, a CBLE is primarily aimed at 
offering learning opportunities by means of technology. Therefore, the design of CBLEs needs to 
be guided by theoretical insights on how the human mind works (Mayer, 2010). This implies 
that a CBLE should both reflect and encourage the cognitive processes underlying learning in 
general (Brett, 1995). If the design of a CBLE is not adapted to the human cognitive system, 
learning may be inhibited rather than facilitated (Leslie, Low, Jin, & Sweller, 2012). Hence, a first 
cluster of presented design guidelines will focus on learning. 
Second, instruction offers a framework that fosters learning. As the use of CBLEs implies a 
shift from a more teacher-directed to a more student-centered approach, instruction becomes 
more indirect (Hannafin & Land, 1997). Nevertheless, it remains an important aspect to be 
considered, as instruction is “that which is designed to facilitate and support learning” (Spector, 
Johnson, & Young, 2014, p. 2). Therefore, a second cluster of design guidelines will center on 
instruction.  
Third, CBLEs offer opportunities to employ the present linguistic diversity in the classroom 
as a resource for learning. However, the number of CBLEs particularly aiming at the integration 
of student home languages as support tools for their learning in the language of instruction is 
still limited (e.g., Clark et al., 2012). Moreover, whereas many of the theoretical insights with 
regard to learning and instruction are broad and applicable to all students, some theoretical 
insights are specific to language minority students, as they can access their home language, next 
to the language of instruction. As we focus on the development of CBLEs that can particularly 
support language minority students in their learning process, special attention is also given to a 
cluster of design guidelines specifically targeted at the support of linguistic diversity in 
classrooms.  
The three different clusters and their respective design guidelines will be discussed in the 
following sections, together with an illustration of how these guidelines have taken shape in the 
CBLE E-Validiv. E-Validiv is a particularly strong case to apply the design guidelines to, as it is 
one of the first CBLEs to offer multilingual content in seven different languages (Dutch, English, 
French, Italian, Polish, Spanish, Turkish). Every student has access to two different languages, 
namely the language of instruction (i.e., Dutch) combined with one of the six other languages, 
according to their linguistic background and preference. On the one hand, this implies that 
language minority students can appeal to their home language as a support in their learning 
process. On the other hand, language majority students can get into contact with foreign 
languages, which can stimulate their metalinguistic awareness. Hence, an inclusive classroom 
approach can be pursued in which every student has access to E-Validiv. The CBLE wants to 
appeal to every student’s multilingual repertoire and particularly integrate language minority 
students’ home language as a support tool in their learning process by means of Information and 
Communication Technology (ICT). E-Validiv offers a broad range of topics within the domain of 
science education for students in upper primary education (9-to-11-year-olds).  
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The decisions for, descriptions of, and reflection on the design guidelines were realized 
alongside the development of the CBLE E-Validiv. Therefore, the guidelines are the result of 
interplay between theoretically grounded insights, practical considerations, and empirical 
findings from the CBLE E-Validiv (Van Laere et al., 2014; Van Laere, Agirdag, & van Braak, 2016; 
Van Laere, Rosiers, Van Avermaet, Slembrouck, & van Braak, 2015; Van Laere & van Braak, 
2015; Van Laere, Van Der Wildt, Van Avermaet, Van Houtte, & van Braak, 2015). As such, an 
iterative design process, in which we have been responsive to both theoretical insights, previous 
research, and results from E-Validiv pilot studies, has guided the decisions on both the 
presented design guidelines and the final version of E-Validiv, as demonstrated here. The 
presentation of E-Validiv illustrates how the design guidelines can be integrated in an actual 
case. An overview of the clusters and related design guidelines can be found in Table 1, together 
with the theoretical rationale and the translation in the CBLE E-Validiv. The integration of the 
design guidelines in E-Validiv is also illustrated in Figure 1.  
 
3.1 Design guidelines aimed at linguistic diversity 
3.1.1 Equality of languages 
Students in monolingual contexts, in which the language of instruction is considered the main 
(and sometimes the only) medium of communication, often receive the message that their home 
language is an obstacle for a successful school career (Agirdag, 2010; Gogolin, 2002). As such, 
they do not appeal to their home language as a source to support learning (e.g., Gort, 2012). In 
order for students to consider their home language as a valuable partner in their learning 
process in the language of instruction, it is essential that both languages can be accessed in a 
similar way and in the same amount. This equal approach of both languages signifies that the 
students’ home languages are at the same level as the language of instruction. 
This focus on the equality of the language of instruction and language minority students’ 
home language originates in the work of Vygotsky (1978), who states that language is the main 
symbolic tool children learn to master to give meaning to the world. Language mediates the 
relationship between the individual and the environment surrounding him/her (Lantolf & 
Thorne, 2007; Storch & Aldosari, 2010; Vygotsky, 1978). This implies that all forms of 
knowledge acquisition, skill development, and higher-order mental processes are rooted in and 
mediated by language (Guerrero & Villamil, 2000; Swain & Lapkin, 2000). For language minority 
students who have been raised in a home language other than the language used at school, their 
home language is the main cognitive tool to regulate their cognitive processes (Lantolf, 2000; 
Lantolf & Thorne, 2007; Swain & Lapkin, 2000; Vygotsky, 1978). To exclude this from the 
classroom practice means that these language minority students cannot rely on one of their 
essential tools to mediate their learning process in the language of instruction.  
For most language minority students, the language of instruction is a target as well as a 
medium of instruction, which implies that the development of both knowledge and skills has to 
go hand in hand with the development of the language of instruction (Gibbons, 2003). Therefore, 
special attention should be given to the development of language minority students’ literacy 
with regard to cognitively demanding texts (Jiménez, García, & Pearson, 1996; Langer, 
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Bartolomé, Vasquez, & Lucas, 1990). Language minority students particularly need more explicit 
exposure to and practice in complex genres of literacy, which can be facilitated by integrating 
their experiences in both their home language and the language of instruction (Riches & 
Genesee, 2006). As such, they can apply their home language as a resource for both the 
enhancement of their literacy abilities and the further development of the language of 
instruction (Jiménez, 2000; Jiménez et al., 1996; Langer et al., 1990).  
When language minority students’ home language is allowed in the classroom practice, it can 
be incorporated in their zone of proximal development, defined by Vygotsky (1978) as the 
“distance between the actual developmental level as determined by independent problem 
solving and the level of potential development as determined through problem solving under 
adult guidance or in collaboration with more capable peers” (p. 86). The expertise language 
minority students have already built up in their home language can actually act as a support tool 
in their zone of proximal development (Upton & Lee-Thompson, 2001). This can empower them 
to take the next level in their learning process in the language of instruction, beyond what would 
have been possible if they could only have applied their knowledge and skills in the language of 
instruction (Freeman & Crawford, 2008; Lantolf & Thorne, 2007; Vygotsky, 1978; Wood, Bruner, 
& Ross, 1976). 
 
3.1.2 Transfer between languages 
Language minority students’ home language can act as a powerful tool to support the learning 
process in the language of instruction through the transfer of knowledge, skills, and strategies 
already developed in the home language (for reviews, see August & Shanahan, 2006; 
Durgunoğlu, 2002; Genesee, Geva, Dressler, & Kamil, 2006). This integration of students’ home 
language in their learning process can enrich learning in the language of instruction in different 
ways. First, language minority students can use their home language as an important 
information source to construct meaning in the language of instruction (Langer et al., 1990). 
Particularly conceptual transfer, which refers to support for understanding a concept in the 
language of instruction through insight into that concept in the home language (Kenner et al., 
2008), can be a promising way for language minority students to deploy their home language to 
construct meaning in the language of instruction (Goodrich, Lonigan, & Farver, 2013; Jiménez et 
al., 1995; Nagy, García, Durgunoğlu, & Hancin-Bhatt, 1993; Proctor, August, Carlo, & Snow, 
2006). Second, through integrating students’ home language in the learning process, they can 
appeal to a wider array of prior knowledge already developed in that language than if this would 
be limited to the language of instruction (Edwards et al., 2000; Fung, Wilkinson, & Moore, 2003; 
Jiménez et al., 1996; Kenner et al., 2008; Lemberger, 2002). Third, curriculum content is made 
more accessible through the clarification of words and task demands (Clark et al., 2012; Kenner 
et al., 2008). This can help to understand what is being expected when the appropriate 
knowledge in the language of instruction is not yet acquired (Littlewood & Yu, 2001; Mahmoud, 
2006; Riches & Genesee, 2006). Fourth, integrating both language minority students’ home 
language and the language of instruction to learn the same material can strengthen their insights 
into how languages work. Explicitly comparing the vocabulary and structures of both languages 
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is a way to strengthen their metalinguistic awareness (Kenner et al., 2008; Martin-Beltran, 
2010). 
This value of the home language as a support tool for learning can be theoretically explained 
by the concept of transfer and Cummins’ (1979) linguistic interdependence hypothesis from 
which it originates. Based on this hypothesis, the level of competence in one language (i.c., the 
language of instruction) is strongly related to and influenced by the competence a student has 
already developed in another language (i.c., his/her home language), and vice versa. When there 
is sufficient exposure to both languages, knowledge, skills, and strategies can be exchanged 
between the languages thanks to a common underlying proficiency (Cummins, 2000; Duibhir & 
Cummins, 2012; Riches & Genesee, 2006). Hence, competence in both the home language and 
the language of instruction can be strengthened. Code-switching, which refers to the shifting 
between languages by appealing to someone’s whole linguistic repertoire (Canagarajah, 2011; 
Liebscher & Dailey-O’Cain, 2005), can be considered as a way to make connections between the 
content in both languages and thus to realize the transfer. While students can spontaneously 
apply code-switching, it may be necessary in certain cases to explicitly stimulate the switching 
between languages. This can help students to apply it efficiently as a true learning strategy, 
instead of viewing each language in isolation (Duibhir & Cummins, 2012; Jiménez et al., 1996). 
 
3.1.3 Dual modality 
The integration of both written text (i.e., visual modality) and spoken words (i.e., auditory 
modality) can meet with students’ specific needs (Dalton & Strangman, 2006). More specifically, 
it gives them the possibility to use the visual modality, the auditory modality or a combination of 
both. If the content would only be available in a written form, it would be a considerable 
challenge for many language minority students. Indeed, they mostly use their home language in 
a spoken form when they communicate with their parents and siblings and they often only have 
limited access to reading sources in their home language. As a consequence, the reading skills in 
their home language may not be strongly developed and the offer of the home language only in a 
written format may actually set a barrier. Support of the written text by means of spoken text 
can help them to decode what is written on the screen. Hence, the combined presentation of 
visual and auditory text can help to access content more easily and thus to focus on the 
construction of meaning (Dalton & Strangman, 2006; Lundberg & Olofson, 1993; Proctor et al., 
2007). Moreover, auditory text is expressed in an authentic manner, which makes it less of a 
challenge for struggling readers (Brett, 1995; Chang, Tseng, & Tseng, 2011).  
The dual modality or audiovisual approach, with the simultaneous use of the auditory 
modality (e.g., spoken words) and the visual modality (e.g., on-screen text), is supported by the 
dual channel assumption of Mayer’s (2010) cognitive theory of multimedia learning and the 
related work of Baddeley (1992). They state that working memory consists of an auditory and a 
visual system, two separate and partially independent systems that can simultaneously process 
information. When students read and hear a text at the same time, they process the written 
information in the visual working memory and the corresponding spoken information in the 
auditory working memory (Moreno & Mayer, 2002). Thus, offering content in both a visual and 
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an auditory modality can help to broaden the limited capacity of working memory (Moreno & 
Mayer, 1999), which is beneficial to attend to the meaning of the content (Dalton & Strangman, 
2006; Proctor et al., 2007). Research has already indicated that students benefit more from a 
dual modality approach than a single modality approach for learning (Adesope & Nesbit, 2012; 
Lewandowski & Kobus, 1993; Moreno & Mayer, 2002; Ritzhaupt, Gomes, & Barron, 2008).  
 
3.1.4 Design guidelines in action in E-Validiv 
One of the most characteristic features of E-Validiv is its multilingual character: all content is 
available in seven different languages, namely Dutch, English, French, Italian, Polish, Spanish, 
and Turkish. A student always gets access to exactly the same content in two languages, namely 
the language of instruction (i.e., Dutch) and one of the six other languages. The choice for the 
other language is dependent on students’ linguistic background and preference. This is in line 
with the design guideline related to the equality of languages, according to which the different 
languages in students’ multilingual repertoire should be considered as valuable partners in their 
learning process. Language minority students who speak a language at home other than the 
language of instruction have access to both the language of instruction and their home language, 
if the latter is available in E-Validiv. As such, they can integrate their home language in their 
learning process. For example, if a student has Turkish as his/her home language, the other 
language is set to Turkish. For language majority students and language minority students 
whose home language is not available in E-Validiv, the other language is set to French or English, 
as these are the first two languages students encounter in foreign language education in the 
context in which E-Validiv is used.  
By means of a language switch button (i.e., button in the form of a globe at the right top of the 
screen), students can switch in an unlimited way between the content in the language of 
instruction and the other language. This explicit way of code-switching can stimulate the 
exchange of knowledge, skills, and strategies between both languages. This reflects the design 
guideline related to the transfer between languages, as language minority students can appeal to 
their home language as a support tool for knowledge acquisition in the language of instruction.  
In line with the design guideline suggesting to choose for a dual modality approach, all the 
information that is shown on the screen in the instruction and application phases (cf. infra) in E-
Validiv can be read aloud by means of text-to-speech technology. Whenever a student shifts to a 
next page, text-to-speech starts automatically in the currently selected language. Through a 
button just below the language switch button, students can choose to pause or replay text-to-
speech. When a student switches to the other language and returns, text-to-speech is picked up 
where the student left off. Text-to-speech is available for the seven different languages.  
 
3.2 Design guidelines aimed at learning 
3.2.1 Individual knowledge acquisition 
The acquisition of knowledge and skills and the related changes in learners’ cognitive structure 
can be considered as an individual experience (Merrill, Drake, Lacy, & Pratt, 1966). Individual 
learning entails the construction of schemas, which are organized networks of selected elements 
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brought together, meaningfully connected to each other and stored in long-term memory (van 
Merriënboer & Kester, 2010; Winn, 2004). Schemas are dynamic, as they can change through the 
integration of new experiences and instruction (Winn, 2004). Through elaboration, schemas can 
be further developed by connecting new information to already existing knowledge in long-term 
memory (Willoughby, Wood, Desmarais, Sims, & Kalra, 1997). 
This individual knowledge acquisition requires cognitive activity, which is theoretically 
supported by the active processing assumption of Mayer’s (2010) cognitive theory of 
multimedia learning. According to this assumption, meaningful learning takes place when 
learners actively engage in cognitive processing to construct a coherent schema of their 
experiences (Mayer, 2010). To actively construct meaning, goals, and strategies, learners need to 
pay attention to select relevant information from the presented material, to organize it into a 
coherent schema, and to integrate the newly organized information with the existing knowledge 
in long-term memory (Mayer & Moreno, 2003; Pintrich, 2005).  
 
3.2.2 Individual knowledge application 
Next to schema construction for individual knowledge acquisition, schema automation is needed 
to develop expertise and, thus, to realize meaningful learning (van Merriënboer & Kester, 2010). 
Schemas can be strengthened and automated through practice, resulting in the repeated and 
successful application of a specific cognitive schema by the learner. Moreover, schema 
automation implies that working memory space becomes available for other more complex 
cognitive processes of the learning task (van Merriënboer & Kester, 2010). Therefore, van 
Merriënboer and Kester (2010) argue that instructional design should not only aim to construct 
new schemas, but also to automate schemas for aspects of a complex skill that occur consistently 
across problems or tasks (e.g., drill and practice). Thus, individual practice is needed in order to 
both deepen and apply the newly acquired knowledge and skills to novel situations through 
manipulation of the information offered in the learning environment (Merrill et al., 1966). CBLEs 
are particularly useful to support individual knowledge application, as they can offer a wide 
range of exercises with immediate feedback and support by multiple representations (Mayer, 
2010; van Merriënboer & Kester, 2010).  
 
3.2.3 Responsible for own learning process 
The integration of CBLEs in the classroom practice entails a shift from a more teacher-centered 
to a more student-centered approach (Wong, Li, Choi, & Lee, 2008). Related to this, Moreno and 
Mayer (2007) point to the fact that learning from CBLEs places a high demand on students’ 
processing of the content. As a consequence, CBLEs appeal in a considerable way to students’ 
competence for self-regulated learning. Pintrich (2005) defines self-regulated learning as “an 
active, constructive process whereby learners set goals for their learning and then attempt to 
monitor, regulate, and control their cognition, motivation, and behavior, guided and constrained 
by their goals and the contextual features in the environment” (p. 453). Hence, self-regulated 
learners are characterized by three important aspects: a motivational, a metacognitive, and a 
cognitive aspect. First, self-regulated learners are motivated to learn as they are persistent in 
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achieving deep understanding and progress (Pintrich, 2004; Zimmerman, 2005). Second, self-
regulated learners apply strategies to plan, monitor, and evaluate their learning process, thus 
acting in a metacognitive way (Boekaerts, 1999; Pintrich, 2004; Zimmerman, 1990). Third, self-
regulated learners select and apply various appropriate learning strategies in order to 
effectively process information (Pintrich, 2004; Winne & Perry, 2005). 
Dalton and Proctor (2007) argue that students’ self-regulated learning can be stimulated by 
letting them make the choices about what supports to use and when to apply them. This helps 
them to control their own learning experience as they can decide how to approach the task and 
make conscious choices about various options. This can contribute to students’ reflection on 
what ways of learning benefit them the most (Brett, 1995). As Proctor and colleagues (2007) 
state, a distinction can be made between the support “pushed” to the student and “pulled” by the 
student when considering learner responsibility in a CBLE. Some supports should be “pushed”, 
particularly when students get acquainted with how the CBLE works and how they can use the 
different support tools in the most effective way. As students do not always access the 
opportunities that are provided to them (Clarebout, Elen, Johnson, & Shaw, 2002), it is helpful to 
support them in using these tools appropriately. Less successful learners should be particularly 
targeted, as they often ignore support that would be beneficial to them (Proctor et al., 2007). 
However, it is also necessary to allow students to “pull” certain support tools to them, as choice 
is essential to develop engaged and strategic learners (Proctor et al., 2007).  
For example, the self-pacing principle states that CBLEs can give responsibility to the learner 
for the time he/she dedicates to new information in order to facilitate deep processing of 
information (Moreno & Mayer, 2007; van Merriënboer & Kester, 2010). This helps to divide the 
amount of information to be processed in working memory, thus reducing cognitive load 
(Sweller, 2010). As learners have the opportunity to pause and reflect on the new information, 
they can integrate it into already existing schemas in long-term memory (van Merriënboer & 
Kester, 2010). As such, it can facilitate the elaboration of schemas and support deep information 
processing. Moreover, interactive features, like stopping and replaying, enable students to adapt 
the presented information to their own cognitive needs. This can help students to attend to 
particularly complex material and to efficiently use their cognitive resources for understanding 
(Schwan & Riempp, 2004). Giving learners control over their own pace of learning can even help 
them to achieve better (Hasler, Kersten, & Sweller, 2007; Mayer & Chandler, 2001; Moreno, 
2006; Schwan & Riempp, 2004). In line with the pacing principle, Moreno and Mayer (2007) 
suggest to break down the whole into smaller segments, for example through a ‘Continue’-
button.  
Self-explanation can also be very helpful to realize meaningful learning (van Merriënboer & 
Kester, 2010). For example, notetaking contributes to self-regulated learning, and particularly to 
the monitoring and control of learning activities, which in turn can support learning and deep 
understanding of the content (Devolder, 2014). In their review, Devolder, van Braak, and 
Tondeur (2012) report that support tools to encourage notetaking, such as note-makers, 
concept mapping tasks, and templates, can help learners to structure information. Prompting 
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learners to explain the different steps undertaken or principles underlying a worked example 
can also foster learning outcomes (Atkinson, Renkl, & Merrill, 2003; Renkl, 1999).  
 
3.2.4 Design guidelines in action in the CBLE E-Validiv 
E-Validiv consists of a wide variety of themes related to science education (nature, the 
environment, geography, orientation, the human body, health, time, and travelling), which are 
subdivided in different subthemes. For example, the theme about orientation is split into four 
different subthemes, dealing respectively with (1) working with a compass, (2) interpreting 
maps and legends, (3) using maps, public transport and a GPS, and (4) choosing the most 
appropriate orientation tool when you get lost. Each subtheme is composed of four kinds of 
phases, namely a pretest phase, an instruction phase, an application phase, and an evaluation 
phase, with the instruction phases as the central component of the subtheme. There, new 
information on the topic is presented by means of text, combined with pictures and tables (cf. 
Mayer, 2010). Students are stimulated to take up responsibility for their own learning process 
by actively engaging in the activation of previously acquired knowledge in long-term memory, 
the integration of new elements into already developed schemas, and the construction of new 
schemas. Thus, the instruction phases are in line with the design guideline regarding individual 
knowledge acquisition. 
Next to the instruction phases, the application phases are also an important component of the 
subthemes. In such an application phase, a variety of exercises is available in order to practice 
the newly acquired knowledge from the previous instruction phase. Students can click on the 
correct image, drag and drop certain elements to the right place, connect different concepts, 
answer multiple-choice and open questions, draw, or solve puzzles. As such, students can 
automate schemas through individual practice, which reflects the design guideline regarding 
individual knowledge application.  
In E-Validiv, students are also triggered to take up responsibility for their own learning 
process in different ways, thereby stimulating self-regulated learning. First, language minority 
students can appeal to their home language as a support tool in their learning process. Hence, 
with the assistance of their home language, they can guide themselves through tasks, which they 
would not have been able to accomplish on their own in the language of instruction (Alegría de 
la Colina & del Pilar García Mayo, 2009; Swain & Lapkin, 2000). This also implies that students 
can work at a higher cognitive level than what would be possible if they could only use the 
language of instruction (Storch & Wigglesworth, 2003). Second, during every instruction and 
application phase, students can take notes in a digital notebook. The notebook consists of 
different pages in which students can type or copy-paste text. Next to that, they can put structure 
in their notes by highlighting, underlining, italicizing or placing words in bold. In this way, they 
can schematize the content offered in the instruction phase and use this to solve the exercises in 
the application phase. Students are permitted to write in the notebook in any language they 
want. Third, students can go through a subtheme in an individual pace by means of a ‘Continue’-
button. Therefore, every time a student wants to proceed to the next page, he/she has to click on 
an arrow. This helps students to regulate their own learning process as they can split the 
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amount of information to be processed in working memory and decide for themselves when 
they have completed a task or phase. Students can also choose when to pause or replay text-to-
speech, so that they can efficiently use their cognitive resources. 
 
3.3 Design guidelines aimed at instruction 
3.3.1 Offering structure 
One of the main characteristics of instruction is offering structure when learners need to acquire 
new information (Sweller, 2010). Particularly for a CBLE, free exploration can be very 
challenging and may even lead to cognitive overload (Moreno & Mayer, 2007). More specifically, 
new information needs to be manipulated and processed in working memory first before it can 
be integrated in the existing schemas of the unlimited long-term memory. However, working 
memory has a limited capacity, both in amount and duration of information it can hold at one 
time (Sweller & Chandler, 1994). Therefore, the amount of information needs to be minimized to 
get processed in working memory. Moreover, the presented material should be characterized by 
a coherent structure. Hence, well-structured guided instruction is needed to make the transfer of 
knowledge and skills successful (Mayer, 2010). This is related to the spatial split-attention 
principle and the temporal split-attention principle, which state that more learning occurs when 
mutually referring material is placed on the same computer screen at the same moment (Mayer 
& Moreno, 2003; van Merriënboer & Kester, 2010). Providing a clear task structure can even 
improve students’ learning outcomes (de Jong & van Joolingen, 1998). In line with these insights, 
a fixed structure in a CBLE can supply learners with anchors so that they know what to expect. 
 
3.3.2 Offering guidance 
Offering guidance is crucial for learners to focus, find their way, and organize their activities in 
information-rich environments, such as CBLEs (Azevedo, 2005; Sharma & Hannafin, 2007). They 
need to be prompted to actively engage in selecting, organizing, integrating, and processing new 
information to realize meaningful learning (Moreno & Mayer, 2007). Guidance can take on 
different forms, such as signaling, giving an introduction or giving feedback. 
According to the guided activity principle, learners achieve higher learning gains when they 
can interact with a pedagogical agent (PA) (Moreno & Mayer, 2007). A PA is a lifelike on-screen 
character, which can be integrated in a CBLE to simulate natural human interactions (Atkinson, 
Mayer, & Merrill, 2005; Lester & Stone, 1997). Such a PA can support learners in their cognitive 
processing through guidance, contextualized advice, and feedback, according to their needs 
(Lester et al., 1997; Lester & Stone, 1997; Moreno & Mayer, 2007; Moreno, Mayer, Spires, & 
Lester, 2001). Moreover, merely providing learners with support tools does not always imply 
that they automatically use them. Clarebout and colleagues (2002) state that PAs can enhance 
this use of support tools. Furthermore, these characters can play an important role in motivating 
students (Lester et al., 1997; Lester & Stone, 1997).  
Giving feedback is a particular but essential aspect of offering guidance. Hattie and Timperley 
(2007, p. 81) define feedback as “information provided by an agent (e.g., teacher, peer, book, 
parent, self, experience) regarding aspects of one’s performance or understanding”. Feedback 
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that is aimed to improve learning should provide information directly related to the learning 
task, so that it can address the gap between what is understood and what is aimed to be 
understood (Sadler, 1989). Moreover, it can take on different forms, such as affirming that an 
answer is correct or incorrect, pointing out that more information should be consulted or 
offering suggestions for alternative strategies and pathways (Hattie & Timperley, 2007). In this 
way, feedback can support learners to adapt and automate their constructed schemas. 
Technology is particularly helpful for feedback, as feedback can be given immediately and in a 
personalized way. This can encourage learners to reflect on their strategies and correct their 
mistakes themselves (Brett, 1995).  
 
3.3.3 Appealing to prior knowledge 
Prior knowledge has a facilitative role in comprehension. When learners access new 
information, it is crucial to connect prior experiences and background knowledge of the subject 
matter to the information offered (Anderson & Pearson, 1984). Indeed, acquiring new 
knowledge in a domain is a slow and effortful learning process. When the new information can 
be embedded in a meaningful whole, learners can gain a more full understanding of the subject 
matter (Anderson & Pearson, 1984; Clark & Feldon, 2010). Moreover, the amount of effort 
decreases as new information is connected to useful cognitive schemas in long-term memory 
(Willoughby et al., 1997). An advance organizer is a specific way to appeal to prior knowledge. It 
can be defined as a teaching activity that activates prior knowledge and helps to organize 
thoughts and ideas to prepare for a task (Ausubel, 1960; Li, 2013). Thus, learners use what they 
already know about a topic to help them structure and understand the new information (van 
Merriënboer & Kester, 2010).  
 
3.3.4 Design guidelines in action in the CBLE E-Validiv 
E-Validiv consists of eight different themes, which cover a broad array of topics. Every theme is 
divided in different subthemes, which each follow the same structure. Students start with a 
pretest, presenting them with three to five multiple-choice questions about the specific topic. 
After the pretest, students continue with an instruction phase, in which they get more 
information on the topic by means of text in combination with pictures and tables. Next, 
students go to the application phase, in which they can practice the newly acquired content 
through different sorts of exercises. In most subthemes, one cycle of an instruction and 
application phase is followed by another one, which gives the possibility to elaborate on the 
topic. Finally, as a way to complete the subtheme, students go to the evaluation phase, in which 
they can consider what they have learned by means of a set of multiple-choice questions. This 
way of organizing the CBLE reflects the design guideline on offering structure, so that students 
quickly find their way around and become familiar with the different included support tools. 
To offer guidance, a PA is integrated in E-Validiv in the form of a parrot, called Parrot Pi. The 
main purpose of the PA is to guide the students throughout the whole of a subtheme. As soon as 
a student starts with a subtheme, Parrot Pi is present. He welcomes the student, gives directions  
 Table 1: Design guidelines for CBLEs aimed at knowledge acquisition in a linguistically diverse context. 
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1. equality of languages The same content is available in the different languages so 
that students consider their home language as a valuable 
partner in their learning process. 
Vygotsky’s (1978) sociocultural 
theory 
Same content available in 
the language of instruction 
and one of six other 
languages 
2. transfer between  
                                             languages 
Language minority students’ home language can support the 
learning process in the language of instruction through the 
transfer of knowledge and skills built up in the home 
language. 
Cummins’ (1979) linguistic 
interdependence hypothesis 
Language switch button to 
gain access to content in 
both languages 
3. dual modality The integration of both the visual modality and the auditory 
modality can strengthen understanding of content. 
Mayer’s (2010) cognitive theory of 
multimedia learning: dual channel 
assumption 
Text-to-speech technology 
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1. individual knowledge  
                                         acquisition 
The acquisition of knowledge and skills is an individual 
experience. 
Mayer’s (2010) cognitive theory of 
multimedia learning: active 
processing assumption 
Instruction phases 
2. individual knowledge  
                                        application 
 
Individual practice through schema automation is needed to 
realize meaningful learning. 
van Merriënboer & Kester (2010) Application phases 
3. responsible for own  
                                             learning process 
As a CBLE places a high demand on learners’ processing of 
content, they need to develop competence for self-regulated 
learning. 
Self-regulated learning (Pintrich, 
2005; Zimmerman, 2005) 
Individual pacing 
Notebook 
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1. offering structure 
 
 
Learners need structure to acquire new information, 
particularly in CBLEs. 
Limited capacity of working 
memory (Sweller & Chandler, 
1994) 
Fixed order of phases 
Fixed lay-out 
2. offering guidance Learners need guidance to focus, organize their activities, 
and find their way around in CBLEs. 
Guided activity principle (Moreno 
& Mayer, 2007) 
Feedback (Hattie & Timperley, 
2007) 
Pedagogical agent Parrot Pi 
Feedback 
3. appealing to prior  
                                           knowledge 
Learners need to appeal to prior experiences and 
background knowledge to connect the new information to 
already existing schemas in long-term memory. 
van Merriënboer & Kester (2010) Pretest phases 
         2.1.1 Equality of languages         
                 2.3.2 Guidance 
      2.1.2 Transfer between languages               2.1.3 Dual modality 
 
     
       2.3.1 Offering structure 
 
 
 
                        2.2.3 Responsible for own learning process 
 
 
 
Figure 1: The design guidelines integrated in the CBLE E-Validiv. 
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and explanations, and offers feedback at certain fixed points throughout the subtheme. 
Depending on the phase, the feedback is differentiated. For example, Parrot Pi gives feedback on 
the exercises during the application phase and the evaluation phase. In line with the 
personalization principle (Moreno & Mayer, 2000), Parrot Pi offers personalized messages in a 
conversational style. As Moreno and Mayer (2000, 2004) have shown, personalized messages in 
the first and second person lead to better performance compared to messages offered in a 
neutral third person style. Indeed, personalized messages can explain the content in a more 
familiar and authentic way, which can help to give meaning to the new information during 
processing (Pea, 1993). Moreover, such messages address the student as a participant rather 
than as an observer, encouraging him/her to engage in connecting the content to relevant 
already available experiences (Moreno & Mayer, 2000). As our research sample consists of a 
very diverse student group, we have chosen for a neutral figure in the form of a parrot (cf. 
Moreno & Flowerday, 2006). Lastly, students seem to choose feedback more in their home 
language (Moreno & Durán, 2004). In line with this finding, the feedback in E-Validiv is available 
in both languages: as soon as students switch to the other language via the language switch 
button, they can see the feedback in the other language.  
To appeal to students’ prior knowledge, every subtheme starts with a pretest phase. This 
consists of different multiple-choice questions, which can arouse students’ curiosity, call their 
interest, and activate their prior knowledge. The pretest phase can be considered as an advance 
organizer because it gives students a preview of what is dealt with in the instruction and 
application phases (cf. Ausubel, 1960). 
 
4. Discussion and conclusion 
As today’s classrooms are characterized by a considerable group of students speaking a 
language at home other than the language of instruction, a variety of languages is brought into 
the classroom. However, language minority students often receive the message to focus solely on 
learning in and through the language of instruction to ensure their future chances (Pulinx et al., 
2014; Van den Branden & Verhelst, 2011). This implies that these students may miss out on 
learning opportunities if they are not allowed to appeal to their home language as a resource for 
learning (e.g., Cummins, 2005). Moreover, teachers seem to face considerable challenges to 
intentionally use every student’s home language for the sake of their learning process (e.g., 
Pulinx et al., 2014). Therefore, it is crucial to explore new options, with CBLEs put forward as a 
promising means to support language minority students in their learning process and to 
strengthen teachers in their classroom practice (e.g., Clark et al., 2012). 
With this contribution, we aimed to gain insight into some crucial factors CBLEs should adopt 
to support knowledge acquisition in linguistically diverse contexts. We started from the 
perspective that insights on how the home language can support language minority students in 
their learning process need to be taken into account (e.g., Clark et al., 2012). Second, CBLEs 
should reflect the way the human mind works and, thus, how people learn (Mayer, 2010). 
Moreover, instruction should offer ways to facilitate learning (Spector et al., 2014). These 
considerations resulted in a collection of design guidelines, with three clusters to direct the 
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development of such CBLEs, respectively focusing on linguistic diversity, learning, and 
instruction. In addition, we have applied these design guidelines to the CBLE E-Validiv, which 
illustrates specific manifestations of the guidelines.  
The current contribution adds to the literature in different ways. First, we have offered a 
collection of design guidelines which are applicable to CBLEs in general and CBLEs focusing on 
support to language minority students’ learning process in particular. Moreover, a unique 
insight is given into the CBLE E-Validiv, one of the first CBLEs to integrate a variety of seven 
different languages to appeal to students’ home language as a resource in their learning process. 
At the same time, language majority students get the opportunity to get acquainted with foreign 
languages, thereby enabling an inclusive classroom approach (Sierens & Van Avermaet, 2014). 
The exchange of theoretical insights with empirical findings in an authentic context assures that 
the design guidelines are grounded in both theory and practice. Furthermore, this contribution 
makes explicit the theoretical rationale behind the CBLE, which is crucial to bring underlying 
conceptions and assumptions to the foreground (Mayer, 2010). There is currently a lack of 
research reporting on the considerations with regard to the design of CBLEs. Hence, the 
theoretical rationale behind the structure and integration of different tools in learning materials 
in general and CBLEs in particular is often not explained. Such contributions can address the 
existing gap between educational research and practice, as it can give more insights into 
researchers’ considerations for developing instructional materials (e.g., Deubel, 2003) as well as 
help to clarify the value educational research has for practitioners (e.g., Vanderlinde & van 
Braak, 2010). Therefore, we believe that the research community should give scholars sufficient 
opportunities to address such needs, for example by giving more room to contributions 
explicitly focusing on design issues, next to contributions addressing empirical findings.  
We do not claim that we have offered a fully comprehensive collection of design guidelines 
for CBLEs aimed at putting the present linguistic diversity in today’s classrooms to use. For 
example, learning and instruction can be defined in different ways, such as with a stronger focus 
on interaction between students. This may lead to alternative but evenly valuable designs of 
CBLEs. Moreover, the way the multilingual repertoire of students is appealed to can take 
different forms. For example, other options can be studied to determine if the multilingual 
content can be made more clear. The current design of E-Validiv particularly focuses on support 
providing access to the content (e.g., access to home language, access to auditory support). 
Future designs can also give attention to additional information needed to comprehend the text, 
such as a glossary, hypertexts to support strategic processing of text, background information in 
both languages, and explanatory figures or animations (e.g., Proctor et al., 2007). Related to this, 
differences between learners could be taken into account to select learning tasks, so that the 
task difficulty and the amount of support can be adapted to the learner’s individual needs and 
preferences (van Merriënboer & Kester, 2010). Hence, the issue of adaptivity is an important 
aspect in CBLEs that needs further consideration. The integration of other languages could also 
give more students the chance to integrate their full linguistic repertoire in their learning 
process (Clark et al., 2012). Moreover, as E-Validiv is a closed system, students were not 
prompted to explore and make connections with other ICT-related applications outside the 
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CBLE, although these can also appeal to the linguistic diversity present both inside and outside 
the classroom. Finally, CBLEs such as E-Validiv do not have the intention to replace the teacher. 
However, their use creates opportunities to present important information to students in such a 
way that it can target individual differences. This can be elaborated on through teacher-student 
interactions (Proctor et al., 2007). Yet, it is also necessary to guide teachers in the various ways 
they can call upon students’ linguistic repertoire to support their learning process (e.g., Pulinx et 
al., 2014). Furthermore, in order to realize the full potential of E-Validiv in the classroom 
practice, it should be embedded in a school-wide policy, which considers the linguistic diversity 
at school as a true resource for learning. These different aspects can be considered as avenues 
for future research and development. At the same time, this implies that the offered design 
guidelines can be further refined by means of additional research on the CBLE E-Validiv as well 
as the development of other CBLEs aimed at supporting students’ knowledge acquisition in 
linguistically diverse contexts.  
The selection of design guidelines offered here constitutes an important step toward 
explicating what needs to be taken into account when we consider the development of CBLEs 
aimed at domain-specific knowledge acquisition in linguistically diverse classrooms. A specific 
focus is put on integrating language minority students’ home language into their learning 
process. Moreover, the illustration of E-Validiv, together with the empirical support by research, 
gives a clear example of how these design guidelines can be put into practice.  
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Chapter 4 
Supporting science learning in linguistically diverse 
classrooms: Factors related to the use of bilingual content in 
a computer-based learning environment 
 
 
Abstract 
Computer-based learning environments (CBLEs) are a promising means to support language 
minority (LMi) students in acquiring knowledge and skills through the integration of authentic 
support in their home language. This study aimed to determine the use of scientific bilingual 
content offered to fourth-grade students (n = 250) in the CBLE E-Validiv and to identify both 
student and classroom characteristics related to this use. All the content in E-Validiv is accessible in 
the language of instruction and one of six other languages. For LMi students, the other language is 
set to their home language. Multilevel hierarchical regression analyses show that especially LMi 
students who assess themselves as highly proficient in their home language use the content more in 
the other language than language majority students. However, even LMi students focus mainly on 
content in the language of instruction, which indicates that they particularly apply their home 
language to support their learning process in the language of instruction. Additionally, students 
who perform higher on science subjects access content more in the language of instruction. The 
presence of linguistic diversity in the classroom and the positive use of linguistic diversity by the 
teacher do not seem to matter. The theoretical and practical implications are discussed. 
 
1. Introduction 
In general, and particularly for the domain of science education, language minority (LMi) 
students often face a great challenge to attain the same performance level than language 
majority (LMa) students. While LMi students are defined as students who use a language at 
home that is different from the language of instruction (LOI) applied at school, LMa students 
have the same home language as the LOI. This achievement gap between LMi and LMa students 
has been identified in large-scale studies, indicating that students with a home language other 
than the LOI run a higher risk to perform weakly on science subjects (e.g., Bellens, Arkens, Van 
Damme, & Gielen, 2013; Maerten-Rivera, Myers, Lee, & Penfield, 2010; Martin, Mullis, Foy, & 
Stanco, 2012; OECD, 2009, 2010; Van Laere, Aesaert, & van Braak, 2014). However, while LMi 
students’ home language is often excluded from classroom practice, it could also be considered 
as a resource to support their learning process and thus help to bridge the achievement gap 
(Cummins, 2001). Yet, more research is needed on how this can be realized, for example by 
means of educational technology. 
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One of the main reasons put forward for the observed achievement gap is that LMi students 
are confronted with a double challenge (Goldenberg, 2008). All students, including LMa 
students, must become proficient in the literacy skills needed to develop scientific knowledge 
and skills (Cummins, 1979; Fang, 2006; Shanahan & Shanahan, 2008). These skills comprise the 
mastery of a specific scientific language, typified by a complex vocabulary and grammar, an 
underlying assumption of causal relationships, abstract thinking, and restricted support from 
the surrounding context (Curenton & Justice, 2004; Fang, 2006; Hiebert & Lubliner, 2008; Van 
den Branden, 2010). While LMa students need to acquire these new literacy skills in the LOI, LMi 
students face an additional problem. LMi students must not only learn these skills, just like LMa 
students. They also have to master these skills in the LOI, while they are often still struggling to 
become proficient in the LOI.  
Moreover, LMi students’ home language is often considered as an obstacle for their learning 
process, especially when it is regarded as a less prestigious language (Agirdag, 2010; Goriot, 
Denessen, Bakker, & Droop, 2015; Shannon, 1995). As a consequence, the focus in most schools 
exclusively lies on learning in and through the LOI (Auerbach, 1993; Kenner, Gregory, Ruby, & 
Al-Azami, 2008; Riches & Genesee, 2006). However, Baker (2011) suggests that the present 
achievement gap can be linked to the neglect of the expertise students have already built up in 
their home language. As an alternative, their home language can also be called upon to support 
their learning process (Cook, 2001; Jiménez, García, & Pearson, 1996; Kempert, Saalbach, & 
Hardy, 2011; Msimanga & Lelliott, 2014; Sierens & Van Avermaet, 2014). 
Nevertheless, it is a great challenge to include every student’s home language as many 
classrooms are characterized by a moderate to large linguistic diversity, particularly in urban 
areas. This puts a high demand on both daily classroom practices and students’ achievement 
throughout their school career (Sierens & Van Avermaet, 2014). Moreover, teachers do not have 
the resources to attend to and support every student in his/her home language (Clark, 
Touchman, Martinez-Garza, Ramirez-Marin, & Drews, 2012). Educational technology, and more 
specifically the development of computer-based learning environments (CBLEs), can offer new 
pathways to respond to this challenge. First, CBLEs can offer content in different languages 
through different pathways (Pederson, 1986). Next, they can be a powerful means to foster 
students’ acquisition of complex knowledge and skills (Lajoie & Azevedo, 2006; Zhang et al., 
2015). Finally, recent research offers promising results of CBLEs as an educational means to 
realize multilingual education, for example by offering authentic language support in the home 
language (Clark et al., 2012). 
However, more research is needed into how students interact with complex CBLEs and which 
characteristics are related to this (Clarebout & Elen, 2006; Proctor, Dalton, & Grisham, 2007; 
Snow, Jackson, & McNamara, 2014; Zhang, Ordónez de Pablos, & Xu, 2014). This can offer new 
insights for the theoretical development, the design as well as the practical use of these CBLEs. 
Research on how bilingual content, and more specifically the support in the home language, is 
approached in CBLEs is still very limited. Moreover, the use of code-switching has not yet been 
studied in the context of CBLEs. Code-switching, which refers to the shifting between languages 
by appealing to someone’s whole linguistic repertoire, is a skill that is common in people who 
Factors related to the use of bilingual content 
95 
 
are highly proficient bilinguals (Canagarajah, 2011; Liebscher & Dailey-O’Cain, 2005). It can be 
used in a conversation (e.g., Bono & Melo-Pfeifer, 2010), but also in other contexts, such as 
writing (e.g., Losey, 2009) or reading (e.g., Ng, Gonzalez, & Wicha, 2014).  
Therefore, the purpose of this study is to gain insight into how students approach bilingual 
content (i.e., in the LOI and another language) offered in a CBLE focusing on science education. 
Furthermore, we will examine student and classroom characteristics related to students’ time 
spent on content offered in the two languages and the associated activity of code-switching. 
Special focus will be put on LMi students’ use of the bilingual content as they have access to their 
home language in the CLBE. In what follows, we will first argue why LMi students’ home 
language can be a valuable tool to support knowledge acquisition. Next, we will take a closer 
look at code-switching. Finally, we will review factors that are likely to be connected to the use 
of bilingual content in CBLEs. 
 
2. Background 
2.1 The home language: A valuable tool for learning 
Language is one of the main symbolic tools children learn to master (Vygotsky, 1978). As LMi 
students’ home language is mostly the first language they have learned, they regulate their 
cognitive processes through it and apply it as a cognitive tool to mediate their learning process 
in the LOI (Lantolf, 2000; Lantolf & Thorne, 2007; Swain & Lapkin, 2000; Vygotsky, 1978). This 
is in line with Cummins’ (1979) linguistic interdependence hypothesis, which states that the 
level of competence in one language (i.c., the LOI) is strongly related to and influenced by the 
type of competence the student has already developed in another language (i.c., his/her home 
language). Through a common underlying proficiency, knowledge and skills can transfer across 
languages, thereby strengthening literacy in both the home language and the LOI (Bialystok & 
Hakuta, 1999; Duibhir & Cummins, 2012; Genesee, Geva, Dressler, & Kamil, 2006; Riches & 
Genesee, 2006). Thus, LMi students can appeal to their own expertise in their home language as 
a support tool to acquire knowledge and skills in the LOI (Upton & Lee-Thompson, 2001). This 
empowers them to take the next level, just beyond what is possible to accomplish independently 
(Freeman & Crawford, 2008; Vygotsky, 1978; Wood, Bruner, & Ross, 1976). 
As a cognitive tool, the home language may serve different functions. First, it can act as an 
important information source to construct meaning (e.g., Goodrich, Lonigan, & Farver, 2013; 
Jiménez et al., 1995, 1996; Langer, Bartolome, Vasquez, & Lucas, 1990; Proctor, August, Carlo, & 
Snow, 2006). In line with this, it can appeal to prior knowledge already developed in the home 
language (Butzkamm, 1998; Fung, Wilkinson, & Moore, 2003; Jiménez et al., 1995, 1996; Kenner 
et al., 2008). Third, it can stimulate metalinguistic awareness as a way of thinking about how 
things are expressed in different languages (Kenner et al., 2008; Martin-Beltran, 2010). Finally, it 
can make the curriculum content more accessible through solving missing links when students 
have not yet acquired the appropriate knowledge in the LOI (Clark et al., 2012; Kenner et al., 
2008; Riches & Genesee, 2006). As a consequence, the use of the home language has the 
potential to facilitate classroom activities and foster high-level educational achievement, 
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particularly in the context of complex tasks (Alegría de la Colina & del Pilar García Mayo, 2009; 
Swain & Lapkin, 2000). Students with an immigrant background and a low academic proficiency 
may profit from integrating their home language in the learning process: it allows them to work 
at a higher cognitive level than what would be possible if they could only use the LOI (Kempert 
et al., 2011; Storch & Wigglesworth, 2003). 
Valuable efforts have already been undertaken to integrate support in the home language 
into CBLEs. Examples of such CBLEs in compulsory education are HELP Math (Freeman, 2012; 
Freeman & Crawford, 2008), the Universal Literacy Environment (Dalton & Proctor, 2007; 
Proctor et al., 2011), and the Wolves Project (Clark et al., 2012). However, the research on these 
CBLEs mostly takes into consideration a whole range of different support tools, without focusing 
on the home language support in itself. As a consequence, no conclusions can be drawn about 
the added value of offering bilingual content to students from different linguistic backgrounds. 
An exception to this is the study by Clark and colleagues (2012). They have compared the 
influence of providing supports only in the LOI versus providing supports in both the home 
language and the LOI in an online science inquiry environment. The results show that LMi 
students gain greater understanding about science topics in the LOI when they have access to 
the content and supports in both their home language and the LOI, in comparison with the LOI-
only format (Clark et al., 2012). However, it is necessary to take a step backwards and first 
determine the factors related to students’ use of the bilingual content before its potential for 
raising achievement can be identified. Additionally, most CBLEs are focused exclusively on 
Spanish-English bilinguals, as this is one of the most represented groups of bilingual learners in 
the U.S. (e.g., Proctor et al., 2011). In light of the cultural and linguistic diversity in societies 
around the world, there is a serious need to serve students with different home languages (e.g., 
Clark et al., 2012; Kenner et al., 2008) while at the same time promoting language awareness of 
all children, including monolingual speakers. To conclude, more research is needed to get a 
clearer picture of whether and how instruction in CBLEs offering bilingual content, and 
especially appealing to students’ home language, can support the learning process in the LOI. 
 
2.2 Code-switching: Getting access to more than one language 
Code-switching can be defined as the “systematic alternating use of two languages or language 
varieties within a single conversation or utterance” (Liebscher & Dailey-O’Cain, 2005, p. 235). A 
code-switch is a “complete shift to the other language for a word, a phrase or a sentence” 
(Grosjean, 1998, p. 137). For example, a student can explain something to a peer in the LOI but 
can shift to their shared home language when he/she experiences the peer does not understand 
everything in the LOI. The context in which most of the research on code-switching is done is 
that of verbal conversations (e.g., Bono & Melo-Pfeifer, 2010; Chanseawrassamee & Shin, 2009; 
Chitera, 2009). However, it can also be studied in the context of, for example, writing (e.g., 
Canagarajah, 2011; Losey, 2009) or reading (Edwards, Monaghan, & Knight, 2000; Ng et al., 
2014; Wang, 2015). Hence, code-switching is not limited to active speech production. 
Whereas code-switching used to be judged as a random process indicating poor mastery of at 
least one language, it is now recognized as a complex skill that requires a large degree of 
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linguistic competence in both languages (Poplack, 1980; Reyes, 2004; Söderberg Arnfast & 
Normann Jørgensen, 2003). However, while code-switching is a widespread natural and 
purposeful phenomenon among bilingual language communities, it is still rarely acknowledged 
as a tool for cognitive development in the classroom context (Macaro, 2005; Reyes, 2004) and 
therefore even prohibited (Moodley, 2007). Yet, code-switching has not been shown to have a 
negative effect on academic achievement or cognitive development (Riegelhaupt, 2000; 
Unamuno, 2008). Moreover, when teachers prohibit code-switching in their classroom practice, 
this can lead to a reduction in student-teacher interaction and fewer complex linguistic input 
(Macaro, 2005). 
According to Ferguson (2009), code-switching should be considered more as a pedagogic 
resource in the classroom. On the one hand, it can foster the development of enriched conceptual 
knowledge in both languages through effectively integrating content and language, thus 
supporting learning (Moore, 2002). For example, research has shown that students use code-
switching to explain difficult concepts to each other, to enhance their vocabulary (e.g., by 
providing equivalents in their home language), and to develop ideas through discussion 
(Moodley, 2007; Willans, 2011). In this way, they can construct and transmit knowledge 
(Ferguson, 2003). On the other hand, code-switching can reduce cognitive overload in working 
memory (Butzkamm, 1998; Ferguson, 2009; Jiménez et al., 1995; Scott & de la Fuente, 2008; 
Storch & Wigglesworth, 2003). It can be very challenging to understand difficult subject matter 
in the LOI if students do not yet master the LOI sufficiently. Having access to their home 
language can free space in working memory in favor of a focus on meaning and more complex 
cognitive processes (Macaro, 2005; Moodley, 2007; Moore, 2002). Through code-switching, 
students can also relate new linguistic and conceptual knowledge to what they already know 
and revise their prior knowledge (Moore, 2002). 
In sum, the integration of two languages by means of code-switching can foster deep 
knowledge and skill acquisition in content areas across and between languages, especially for 
bilingual learners (Celic & Seltzer, 2011; Unamuno, 2008). Not taking the opportunities code-
switching provides may restrict the whole array of possible classroom activities, as it is an 
important communication strategy appealing to the knowledge and skills students have already 
constructed in, for example, their home language (Macaro, 2005). However, code-switching 
should be used strategically: students should decide for themselves when it is useful to switch to 
the other language, thereby learning more than if they had not switched (Macaro, 2005; 
Moodley, 2007). Students can employ code-switching spontaneously, but the switching between 
languages can also be explicitly stimulated as a learning strategy to help them apply it more 
efficiently (Duibhir & Cummins, 2012; Jiménez et al., 1996). The focus should then lie on 
teaching them how and when to use-code switching (Söderberg Arnfast & Jorgensen, 2003). 
While different studies have shown the potential benefits of code-switching, more research is 
needed to understand in what way code-switching can contribute to the learning process, 
particularly in the context of reading and, related to this, comprehension. Moreover, to our 
knowledge, the use of code-switching has not yet been studied in the context of CBLEs 
integrating content in different languages. For example, Clark and colleagues (2012) have 
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studied the impact on the achievement of students having access to information in both their 
home language and the LOI; they have not focused on the process of code-switching during the 
use of the CBLE. 
 
2.3 Characteristics that are likely to play a role in the 
use of bilingual content in a CBLE 
Research that explicitly focuses on characteristics related to the use of bilingual content in the 
context of CBLEs is still very scarce. In what follows, we will look at studies that directly or 
indirectly offer insight into which student and classroom characteristics are likely to play a role 
in the use of CBLEs in general and the approach of bilingual content in particular.  
With regard to student characteristics, section 2.1 and 2.2 have indicated that support given 
in the home language may be a viable way for LMi students to increase their achievement. 
However, the role of LMi students’ home language in CBLEs offering content in different 
languages is still very limited (Clark et al., 2012). Moreover, the proficiency in the home 
language may be particularly crucial in the way students approach the content: literacy in the 
home language needs to be developed to a certain degree to benefit literacy in the LOI 
(Cummins, 1979; Farrell, 2011; Lanauze & Snow, 1989; Riches & Genesee, 2006; Yeung, Marsh, 
& Suliman, 2000). For example, research has shown that LMi students successful in reading are 
successful in both their home language and the LOI, whereas unsuccessful readers are 
unsuccessful in both languages (Langer et al., 1990; Jiménez, 2000; Jiménez et al., 1996). In the 
context of peer interaction for science activities, Reyes (2004) showed that bilingual students 
mostly use the language in which they are most competent. Finally, bilingual students who are 
more fluent and balanced in both languages tend to employ code-switching more efficiently as a 
communication strategy, which implies that there is a positive relationship between code-
switching and the proficiency in both languages (Gort, 2012; Poplack, 1980; Reyes, 2004).  
In line with this, proficiency in the LOI may also play a role in the way bilingual content in 
CBLEs is accessed. For example, Wang (2003) has shown that students who are highly proficient 
in the LOI (i.c., English) may profit from switching to their home language to write high quality 
texts in the LOI. In contrast, students with a low proficiency in the LOI often failed to use their 
home language strategically to complete the writing task. Moreno and Durán (2004) found that 
students with limited proficiency in the LOI (i.c., English), who received verbal guidance in a 
discovery-based multimedia game about the number line, accessed the explanations in their 
home language (i.c., Spanish) significantly more than students with a high proficiency in the LOI. 
We focus on reading ability as a measure for proficiency in the LOI because the comprehension 
of content-area texts becomes more and more important in the second half of primary school 
(Shanahan & Shanahan, 2008; Taboada, 2012). Moreover, reading in CBLEs can put a high 
demand on students in terms of control because they have to find their way around 
independently (Klois, Segers, & Verhoeven, 2013). As such, individual differences in reading 
ability can influence the way students interact with CBLEs (Snow et al., 2014). Besides, being 
proficient in reading comprehension significantly contributes to students’ performance on 
science subjects (Maerten-Rivera et al., 2010; O’Reilly & McNamara, 2007; Taboada, 2012; Van 
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Laere et al., 2014), which is the focus of the CBLE in this study. This becomes even more critical 
when students speak a home language that is different from the LOI, with LMi students 
particularly lagging behind on comprehension skills (August, Carlo, Dressler, & Snow, 2005; 
Proctor, Carlo, August, & Snow, 2005). As the CBLE for this study is built up of content-area texts 
related to science topics, students’ science achievement can also serve as an important precursor 
to understand the content offered to them in different languages. LMi students struggle to meet 
the same demands for science achievement as LMa students when only instructed in the LOI 
(Martin et al., 2012; OECD, 2009, 2010; Van Laere et al., 2014). As a consequence, LMi students 
may approach bilingual content in a CBLE in a different way if they have their home language 
available.  
Previous studies have shown that background characteristics, such as gender and 
socioeconomic status (SES), are also relevant in examining learning processes in a computer-
based context. For example, boys and girls tend to approach computer tasks in a different way: 
while boys focus especially on technical tasks, girls address the learning process more (Volman, 
van Eck, Heemsker, & Kuiper, 2005). However, when competences regarding Information and 
Communication Technology (ICT) are measured directly, girls perform at a higher level for both 
technical skills and higher-order ICT competences than boys (Aesaert & van Braak, 2015). 
Moreover, research has reported gender differences in cognitive processing within CBLEs 
(Grimley, 2007). For example, Pöhnl and Bogner (2012) found girls and boys to differ in 
instructional efficiency, resulting in higher long-term learning success for girls. In other words, 
the same instructional design of a given CBLE can result in different outcomes, according to 
students’ gender. Furthermore, research results regarding the relationship between SES and the 
use of educational technology remain inconclusive. For instance, Volman and colleagues (2005) 
found ethnic minority students to assess themselves as less skilled computer users than majority 
students. They also use the computer more for drill and practice than for gathering information 
and preparing presentations. Moreover, students in vocational education, who on average come 
from a lower socioeconomic background, tend to report a more negative experience with, use of 
and beliefs towards computers (van Braak & Kavadias, 2005). However, Tondeur, Sinnaeve, Van 
Houtte, and van Braak (2011) did not find SES to affect the computer-use profile of young 
people.  
Although it can be expected that the use of bilingual content in CBLEs is most strongly related 
to students’ individual characteristics, specific aspects within the classroom context may also 
have an impact on its use. For example, students being part of heterogeneous classrooms (i.e., 
classrooms with a broad range of different home languages available, next to the LOI) spend a lot 
of time in a context where linguistic diversity is strongly present (Gogolin, 2002). Therefore, 
they may be triggered to apply the bilingual content in their learning process. In contrast, 
students in homogeneous classrooms (i.e., classrooms with only limited or no other home 
languages available, next to the LOI) may be less inclined to go to content in another language as 
they are not directly confronted with this linguistic diversity. Furthermore, an environment in 
which teachers give attention to the present linguistic diversity in a positive way and deploy it 
intentionally in their students’ learning process may offer opportunities for students to use 
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different languages (Goriot et al., 2015; Kenner et al., 2008). This may also make them more 
willing to access content made available in other languages in a CBLE. For example, Muller and 
Baetens Beardsmore (2004) report on the European Hours project, in which the use of different 
languages is accepted as there is no single shared common language between teachers and 
students. This legitimizes all students’ linguistic repertoires inside the school and allows them to 
apply them as temporary communication bridges. As such, language is not per se threatening, 
mistakes are accepted, and code-switching and translation become recognized strategies. 
 
3. Aim of the study 
The aim of the present study is to examine the way in which primary school students use 
bilingual content offered to them in a CBLE focused on science education. On the one hand, we 
will explore students’ approach of the content in two different languages (i.e., the LOI and one of 
six other languages). On the other hand, we will identify both student and classroom 
characteristics that are related to the use of the bilingual content by students from different 
linguistic backgrounds. Special attention is hereby given to the way in which the bilingual 
content is addressed by LMi students who have their home language available in the CBLE. 
Accordingly, the following research questions guide the study: 
1. Do student characteristics regarding their home language, background, and learning 
achievement relate to the time dedicated to the content in both languages in the CBLE? 
2. Do classroom characteristics regarding the presence of linguistic diversity and the 
positive use of linguistic diversity by the teacher relate to the time dedicated to the 
content in both languages in the CBLE? 
3. Do student characteristics regarding their home language, background, and learning 
achievement relate to the activity of code-switching in the CBLE? 
4. Do classroom characteristics regarding the presence of linguistic diversity and the 
positive use of linguistic diversity by the teacher relate to the activity of code-switching in 
the CBLE? 
 
4. Method 
4.1 The CBLE E-Validiv 
E-Validiv (www.e-validiv.be) is a CBLE, developed within the context of the broader Validiv-
project (Valorizing Linguistic Diversity in Multiple Contexts of Primary Education). This CBLE is 
aimed at teaching fourth- and fifth-grade students about topics within the domain of science 
education (e.g., nature, technique, time and space, society,…). What makes this CBLE unique, is 
its multilingual character: all content is offered in two different languages, namely the LOI (i.c., 
Dutch) and one of six other languages (OLs, i.c., English, French, Italian, Polish, Spanish, or 
Turkish). Throughout the CBLE, students have access to exactly the same content in both 
languages. They can switch between the two languages by means of a language switch button, 
which can be found at the top of the screen in the form of a globe (see Figure 1).  
Factors related to the use of bilingual content 
101 
 
An individual approach can be adopted in E-Validiv as the OL can be fixed according to a 
student’s linguistic background. More specifically, for LMi students who have their home 
language available in E-Validiv, the OL is set to their home language. For example, a student who 
speaks Turkish at home can go through E-Validiv in Dutch and Turkish. In this way, LMi 
students’ home language can be integrated in the learning process as a support tool for 
knowledge acquisition. For LMa students and LMi students whose home language is not 
available in E-Validiv, the OL is set to French or English, as these are the first two languages 
students encounter in foreign language education. Most of the time, students have already come 
into contact with these languages before formal education begins, for example through 
television, Internet, and computer games (Kuppens, 2007). 
Not only do CBLEs such as E-Validiv offer students authentic language support through an 
individual approach, they can also register and save students’ activities in logfiles through the 
use of trace methodology. To get access to E-Validiv, every student received a personal user 
name and password. From the moment students were logged in, all their relevant actions were 
registered. This asset of CBLEs is especially valuable to keep track of students’ performance on 
the one hand and their use of support tools on the other hand (Butler & Lumpe, 2008; Hannafin 
& Land, 1997). This can shed light on the way the use of the bilingual content relates to learning, 
thereby clarifying the nature of learning (Pea, 2004). For example, loggings on the use of the 
language switch button have the potential to offer more insight into the process of code-
switching, as it makes the activity of switching between languages explicit. Moreover, according 
to Greene and Azevedo (2007), trace data are more accurate than self-report measures, because 
they are based on objective data instead of on perceptions. 
 
4.2 Participants 
We used data from 250 fourth-grade students (mean age = 9.84 years; 46.4% girls; 53.6% boys), 
their parents, and their classroom teachers (n = 35). For reasons of comparison, we only 
included LMi students who have their home language available in E-Validiv (n = 132) and LMa 
students (n = 118). LMi students who did not have their home language available were excluded 
from the study as the bilingual content does not directly relate to the language they use at home. 
The students were part of 35 classrooms in 24 primary schools participating in the Validiv-
project. This sample was based on the random selection of 214 primary schools in three regions 
(i.e., Brussels, Ghent, and Limburg) situated in Flanders, the northern part of Belgium. The 
Validiv-project was proposed to all schools and 31.30% of them decided to participate. Non-
response analyses revealed that the likelihood to join the project was not related to school 
characteristics, such as linguistic composition, denomination, school size, and school region. Half 
of the participating schools received access to the CBLE E-Validiv for their fourth-grade students. 
 
  
 
 
 
 
     
 
Figure 1: Screenshot of a page in E-Validiv in the LOI (i.c., Dutch) and an OL (i.c., English), accessed via the language switch button. 
 
 
Switching between pages by means of 
language switch button 
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4.3 Procedure 
At the start of the project, the students were administered a paper-and-pencil test involving 
three parts: a survey regarding student background characteristics, a reading performance test, 
and a science achievement test. One of both parents was also asked to provide background 
information on the languages used at home and their profession through a paper-and-pencil 
survey. Finally, students’ classroom teachers answered questions about the way they deploy the 
present linguistic diversity in their classroom practice. 
Every student received access to E-Validiv for a period of five months. As all the available 
subthemes were open to the students, they could choose independently or in consultation with 
the teacher which one they would go through. For this study, we have chosen to analyze the 
activity in one subtheme during a regular class period (= 50 minutes), namely the subtheme 
which was completed by the largest number of students. In this way, we can ensure that all 
students performed actions on the same content (i.e., about traffic and pollution). Students had 
already gained experience with the CBLE beforehand through completion of an introduction 
theme. 
 
4.4 Measures 
4.4.1 Dependent variables 
With regard to the time dedicated to the content in both languages (cf. research question 1), the 
time spent in both the OL and the LOI was determined via the logging. Moreover, the use of the 
language switch button to go to the OL or to the LOI is considered as an explicit expression of the 
activity of code-switching (cf. research question 2). For reasons of interpretation, all dependent 
variables are set to proportions. In this way, the total amount of time spent in completing the 
subtheme is distributed between a percentage of time spent in the OL and a percentage of time 
spent in the LOI, together constituting 100% of time spent in the E-Validiv subtheme. The same 
procedure was followed to determine the use of the language switch button. 
 
4.4.2 Explanatory variables at student level 
With regard to the characteristics related to students’ home language, both students’ status in E-
Validiv and the proficiency in their home language were considered. For students’ status in E-
Validiv, a distinction is made between LMi students for whom the OL is their home language and 
LMa students for whom the OL is set to a foreign language. Therefore, it was first determined 
whether students belonged to the group of LMi students or LMa students. Students were asked 
which language they spoke with both of their parents on a 5-point Likert-scale (1 = always 
Dutch; 5 = always another language). If students indicated that they sometimes, often or always 
speak another language with at least one of their parents, they were regarded as LMi students. 
Students who mostly or always speak Dutch (i.e., the LOI) with both of their parents were 
considered as LMa students. These students belong to the group of students having the LOI as 
their home language and a foreign language as the OL in E-Validiv. For LMi students, it was 
determined if the OL available to them in E-Validiv matched their home language (i.e., one of the 
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languages one of both parents indicated as being most proficient in). LMi students not having 
their home language available in E-Validiv were excluded from the analyses. Students also had to 
judge their own proficiency in their home language (i.e., understanding, speaking, reading, and 
writing) by giving a score on a 5-point Likert-scale (1 = very poor; 5 = very strong). A mean 
score was calculated for the answer on the four questions. LMi students were first asked what 
other languages they know, next to the LOI. They could fill in two different languages and assess 
themselves on the four skills mentioned above. If one of these languages was consistent with a 
language one of both parents had identified as being most proficient in, it was considered as the 
student’s home language. For LMa students, their score on the self-assessed proficiency in the 
LOI was used as these students use the same language at home as the LOI. 
Background characteristics with regard to gender (1 = girl, 2 = boy) and SES were also 
derived from the student survey. For SES, the international socioeconomic index of occupational 
status (ISEI08) was calculated (Ganzeboom, de Graaf, & Treiman, 1992). This index is 
determined by both parents’ profession and has a maximum score of 100. When parents did not 
fill in the survey, the index was based on students’ answers.  
With regard to the characteristics related to learning achievement, both reading performance 
and science achievement were taken into account. For reading performance, students completed 
a reading comprehension test from the Dutch Institute for Test Development (Cito) (Staphorsius 
& Krom, 1998). Students had to read three fictional texts and answer 20 multiple-choice 
questions about these texts. For science achievement, the test was derived from The 
International Mathematics and Science Study (TIMSS), and more specifically from the released 
Dutch science items from 2003 (Brusselmans-Dehairs & Valcke, 2004). Students had to solve 34 
multiple-choice items concerning earth science, life science, and physics. For both tests, one 
point was given for a right answer and zero points for a wrong answer, with a total score of 
respectively 20 points and 34 points. 
 
4.4.3 Explanatory variables at classroom level 
To measure the presence of linguistic diversity in the classroom, both the inverse Herfindahl-
index and the proportion of LMi students in the classroom was calculated. Using the information 
on students’ home languages, the index was calculated on the basis of every linguistic group 
present in the classroom: 1 – ((proportion linguistic group 1)² + (proportion linguistic group 2)² 
+…+ (proportion linguistic group n)²). A value of 0 indicates that there is no linguistic diversity 
in the classroom: all students speak the same language at home. A value approximating 1 implies 
a high linguistic diversity, with different students using different languages at home. However, 
the inverse Herfindahl-index has been criticized for not taking into account the direction of the 
diversity (Dronkers & van der Velden, 2013). For example, a classroom with 10% Italian-
speaking LMi students and 90% LMa students will result in the same value for the inverse 
Herfindahl-index as a classroom with 90% Italian-speaking LMi students and 10% LMa students. 
As a counterbalance, the proportion of LMi students was also measured. First, it was determined 
how many students in the classroom have the status of LMi students. This number of students 
was divided by the total number of students in the classroom. 
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The positive use of linguistic diversity by the teacher was measured through four items on a 
5-point Likert scale (1 = never; 5 = very often) in the teacher survey. These items ask whether 
students are allowed to use a language other than the LOI (1) to explain something to a peer, (2) 
during group work, (3) in the classroom, and (4) on the playground. A mean score was 
calculated for the answer on the four questions. 
 
4.5 Data analysis 
The data structure is characterized by 250 students (level 1) nested within 35 classrooms (level 
2). Because of this hierarchical structure, we opted to study the relationship between both 
student and classroom characteristics and students’ use of the bilingual content in E-Validiv (i.e., 
the proportion of duration in both languages and the proportion of the use of the language 
switch button to switch to one of both languages) through multilevel hierarchical regression 
analyses (MLwiN 2.32). 
First, an unconditional model with two levels (i.e., student and classroom) and no predictors 
was estimated. Next, the characteristics related to students’ home language were integrated, 
namely students’ status in E-Validiv, the self-assessed proficiency in their home language, and an 
interaction between these variables. This was followed by the addition of student background 
characteristics (i.e., gender, SES) and student characteristics regarding learning achievement 
(i.e., reading performance, science achievement). Finally, classroom characteristics concerning 
the presence of linguistic diversity (i.e., inverse Herfindahl-index, proportion of LMi students) 
and the positive use of linguistic diversity by the teacher were respectively included. This 
approach enables to decide on the added value of each group of variables. The iterative 
generalized least squares algorithm was applied for parameter estimation. The comparison of 
each model’s deviance with the previous one determines whether the newly estimated model 
with extra predictors fits the data better. 
 
5. Results 
5.1 Descriptive results of students’ use of the bilingual content in E-Validiv 
The means and standard deviations for all variables, together with their Pearson’s bivariate 
correlations, can be found in Table 1 for the student (level 1) variables and in Table 2 for the 
classroom (level 2) variables.  
On average, students have spent 18.66 minutes to go through the subtheme under study, with 
a standard deviation of 9.93, a minimum of 2.15 minutes and a maximum of 62.53 minutes. 
When taking a closer look at how students access the content provided to them in the two 
different languages, the descriptive results in Table 3 show that students generally devote 
76.71% of their time to the content in the LOI, compared to 23.29% to the OL. They also switch 
78.18% of the times to the LOI and only 21.82% of the times to the OL. A similar picture can be 
found when the results are split up according to students’ status in E-Validiv, namely LMi  
 Table 1: Descriptive statistics and Pearson’s bivariate correlates for level 1 variables. 
 M(SD) 1 2 3 4 5 6 7 8 9 10 
1. Student status in E-Validiv - 1          
2. Proficiency home language 4.28 (0.68) -.36*** 1         
3. Gender - -.06 .11 1        
4. SES 51.06 (22.63) -.34*** .10 .04 1       
5. Reading performance 12.17 (5.05) -.33*** .24*** -.15* .40*** 1      
6. Science achievement 21.86 (4.93) -.37*** .28*** .09 .35*** .61*** 1     
7. Proportion time OL 23.29 (24.19) .30*** .06 .04 -.02 .01 -.13* 1    
8. Proportion time LOI 76.71 (24.19) -.30*** -.06 -.04 .02 -.01 .13* -1.00*** 1   
9. Use LSB to OL 21.82 (21.03) .15* .06 -.02 -.06 .00 -.17** .60*** -.60*** 1  
10. Use LSB to LOI 78.18 (21.03) -.15* -.06 .02 .06 .00 .17** -.60*** .60*** -1.00*** 1 
*p<.05, **p<.01, ***p<.001 
Note: M = mean; SD = standard deviation; OL = other language; LOI = language of instruction; LSB = language switch button 
 
Table 2: Descriptive statistics and Pearson’s bivariate correlates for level 2 variables. 
 M(SD) 1 2 3 
1. Linguistic diversity: Inverse 
                                           Herfindahl-index 
0.50 (0.19) 1   
2. Linguistic diversity: Proportion of  
                                           LMi students 
0.58 (0.35) .50*** 1  
3. Positive use of linguistic diversity 
                                           by teacher 
2.07 (0.75) .22** .01 1 
*p<.05, **p<.01, ***p<.001 
Note: M = mean; SD = standard deviation; LMi = language minority 
 
Table 3: Mean and standard deviation for use of bilingual content (i.e., proportion of duration and proportion of use of language switch button). 
 Proportion of duration 
 In other language 
M (SD) 
In language of instruction 
M (SD) 
General 23.29 (24.19) 76.71 (24.19) 
LMi students (with match between HL and OL E-Validiv) 30.24 (28.65) 69.76 (28.65) 
LMa students 15.52 (14.53) 84.48 (14.53) 
   
 Proportion of use of language switch button 
 To other language 
M (SD) 
To language of instruction 
M (SD) 
General 21.82 (21.03) 78.18 (21.03) 
LMi students (with match between HL and OL E-Validiv) 24.70 (23.42) 75.30 (23.42) 
LMa students 18.60 (17.53) 81.40 (17.53) 
 
Note: M = mean; SD = standard deviation; LMi = language minority; LMa = language majority; HL = home language; OL = other language 
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students who have their home language available in E-Validiv as the OL and LMa students for 
whom the OL is a foreign language. Although LMi students spend more time in the OL (M = 
30.24) and also switch more often to the OL (M = 24.70), compared to LMa students (M = 15.52 
and M = 18.60, respectively), LMi students’ focus also remains on the content offered in the LOI 
(M = 69.76 and M = 75.30, respectively). In the next sections, these results are further analyzed 
by means of multilevel modeling. 
 
5.2 Multilevel analysis for the proportion of duration in the OL and the LOI 
A summary of the stepwise multilevel approach with all model estimates, unstandardized 
regression coefficients, and standard errors for the proportion of time spent in the OL can be 
found in Table 41. In the first step, the fully unconditional two-level null random intercepts 
model with the proportion of time spent in respectively the OL and LOI as response variable 
(Model 0) shows that a multilevel approach is justified. While 72.4% of the variance in the 
proportion of time spent in both languages emerges from differences between students within 
classrooms (σ2e0 = 429.453, χ2 = 109.006, df = 1, p<.001), 27.6% comes from differences between 
classrooms (σ2u0 = 163.589, χ2 = 7.812, df = 1, p<.01). The addition of variance at the classroom 
level significantly improves the model (χ2 = 35.242, df = 1, p<.001).  
Students’ status in E-Validiv was entered into Model 1, with LMa students having the LOI as 
their home language and a foreign language as the OL in E-Validiv as reference category. LMi 
students for whom the OL in E-Validiv is their home language spend more time in the OL and 
less time in the LOI than LMa students (χ2 = 10.556, df = 1, p<.01). Model 1 gives a significant 
better fit for the data than Model 0 (χ2 = 9.753, df = 1, p<.01). The self-assessed proficiency in the 
home language was included in Model 2. Especially students who assess themselves more highly 
on the proficiency in their home language spend more time in the OL, irrespective of the fact that 
the OL in E-Validiv is their home language (for LMi students) or a foreign language (for LMa 
students) (χ2 = 11.944, df = 1, p<.001). Model 2 gives a significant better fit for the data than 
Model 1 (χ2 = 92.700, df = 1, p<.001). The integration of the interaction term of students’ status 
in E-Validiv on the one hand and the proficiency in the home language on the other hand in 
Model 3 gives an indication of whether LMi students who assess themselves highly on the 
proficiency in their home language use the bilingual content in a distinct way. Whereas the main 
effect of the proficiency in the home language disappears (χ2 = 0.031, df = 1, p>.05), LMi students 
who think highly of their proficiency in their home language dedicate more time to the OL, 
compared to LMa students (χ2 = 6.169, df = 1, p<.05). The addition of the interaction term 
significantly improves the model (χ2 = 6.085, df = 1, p<.05). Including the student background 
characteristics in Model 4 shows that gender (χ2 = 0.288, df = 1, p>.05) and SES (χ2 = 0.445, df = 
                                           
1 As the duration in the OL and the LOI is expressed in proportions, the results on the time spent in the OL 
give the exact opposite of the results on the time spent in the LOI. For example, when the value for the 
variable ‘proficiency in the home language’ is positive for the duration in the OL, the value for ‘proficiency 
in the home language’ for the duration in the LOI is precisely the same but negative. For reasons of 
conciseness, only the table with the results on the proportion of time spent in the OL is included. 
 Table 4: Unstandardized regression coefficients and standard errors from the random intercept model (dependent variable: proportion of duration in the other language). 
 Single level Model 0 Model 1 Model 2 Model 3 Model 4 
Fixed part       
Intercept (cons) 23.290(1.527)*** 23.074(2.697)*** 16.736(3.109)*** 14.477(3.282)*** 16.253(3.295)*** 15.191(3.589)*** 
Student level       
Student status in E-Validiv 
(ref. cat.: LMa students) 
  11.006(3.388)** 16.443(3.634)*** 15.643(3.598)*** 17.086(3.760)*** 
Proficiency home language    7.266(2.102)*** -0.672(3.812) -0.917(3.814) 
Interaction Student status 
in E-Validiv x Proficiency 
home language 
    11.247(4.528)* 12.055(4.560)** 
Gender (ref. cat.: girl)      1.461(2.720) 
SES      0.047(0.070) 
Reading performance       
Science achievement       
Classroom level       
Linguistic diversity: Inverse 
Herfindahl-index 
      
Linguistic diversity: 
Proportion of LMi students 
      
Positive use of linguistic 
diversity by teacher 
      
       
Random part        
Classroom level σ2u0 (between)  163.589(58.528)** 119.001(46.661)* 140.784(52.020)** 132.596(49.854)** 123.282(47.532)** 
Student level σ2e0 (within) 582.894(52.136)*** 429.453(41.133)*** 423.982(40.526)*** 395.544(38.665)*** 386.995(37.788)*** 386.912(38.136)*** 
Model fit       
Deviance (-2LL) 2301.471 2266.229 2256.476 2163.776 2157.691 2120.591 
χ2  35.242 9.753 92.700 6.085 37.100 
df  1 1 1 1 2 
p  *** ** *** * *** 
Reference model  Single level Model 0 Model 1 Model 2 Model 3 
       
Variance at level 2       
ρ(%)  27.6% 21.9% 26.2% 25.5% 24.2% 
*p<.05, **p<.01, ***p<.001 
Note: values in parentheses are standard errors; HL = home language; LMa = language majority; SES = socioeconomic status 
 
 Table 4 (continued): Unstandardized regression coefficients and standard errors from the random intercept model (dependent variable: proportion of duration in the other language). 
 Model 5 Model 6 Model 7 
Fixed part    
Intercept (cons) 15.088(3.574)*** 16.801(3.555)*** 17.442(3.799)*** 
Student level    
Student status in E-Validiv 
(ref. cat.: LMa students) 
16.123(3.770)*** 11.620(4.086)** 12.188(4.290)** 
Proficiency home language -0.819(3.882) -1.090(3.822) -2.494(4.486) 
Interaction Student status 
in E-Validiv x Proficiency 
home language 
12.418(4.579)** 11.251(4.529)* 13.037(5.120)* 
Gender (ref. cat.: girl) 2.848(2.867) 3.178(2.824) 2.717(3.065) 
SES 0.060(0.073) 0.083(0.072) 0.071(0.079) 
Reading performance 0.443(0.380) 0.520(0.376) 0.533(0.414) 
Science achievement -0.878(0.371)* -0.783(0.367)* -0.889(0.393)* 
Classroom level    
Linguistic diversity: Inverse 
Herfindahl-index 
 -6.441(13.818) 1.262(15.804) 
Linguistic diversity: 
Proportion of LMi students 
 19.335(6.916)** 12.111(9.817) 
Positive use of linguistic 
diversity by teacher 
  1.840(3.446) 
    
Random part     
Classroom level σ2u0 (between) 113.672(44.950)* 106.813(42.760)* 109.069(45.199)* 
Student level σ2e0 (within) 384.007(38.115)*** 372.479(36.953)*** 384.110(40.371)*** 
Model fit    
Deviance (-2LL) 2090.719 2082.948 1876.517 
χ2 29.872 7.771 206.431 
df 2 2 1 
p *** * *** 
Reference model Model 4 Model 5 Model 6 
    
Variance at level 2    
ρ(%) 22.8% 22.3% 22.1% 
*p<.05, **p<.01, ***p<.001 
Note: values in parentheses are standard errors; HL = home language; LMa = language majority; SES = socioeconomic status 
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1, p>.05) do not play a significant role for the time dedicated to both languages. Nevertheless, 
Model 4 gives a significant better fit for the data than Model 3 (χ2 = 37.100, df = 2, p<.001). The 
inclusion of student characteristics related to learning achievement in Model 5 shows that 
students who achieve higher on science topics spend more time in the LOI (χ2 = 5.584, df = 1, 
p<.05). Moreover, Model 5 gives a significant better fit for the data than Model 4 (χ2 = 29.872, df 
= 2, p<.001). 
Regarding the classroom level explanatory variables (level 2), the classroom characteristics 
concerned with the presence of linguistic diversity were added first in Model 6. Although the 
inverse Herfindahl-index for linguistic diversity (χ2 = 0.217, df = 1, p>.05) does not explain 
variance in the time spent in both languages, the proportion of LMi students relates positively to 
the proportion of time dedicated to the OL (χ2 = 7.815, df = 1, p<.01). Model 6 gives a significant 
better fit for the data than Model 5 (χ2 = 7.771, df = 1, p<.05). The positive use of linguistic 
diversity by the teacher was included in Model 7. However, this parameter does not have added 
value to explain variance in the proportion of time spent in the OL and the LOI (χ2 = 0.285, df = 1, 
p>.05). Moreover, the presence of LMi students in the classroom is no longer significantly 
related to the dependent variables once the use of linguistic diversity by the teacher is included. 
Nevertheless, Model 7 gives a significant better fit for the data than Model 6 (χ2 = 206.431, df = 1, 
p<.001). 
 
5.3 Multilevel analysis for the use of the language switch button 
to go to the OL or the LOI 
Table 5 gives an overview of the stepwise multilevel approach with all model estimates, 
unstandardized regression coefficients, and standard errors for the proportion of the use of the 
language switch button in the OL2. The fully unconditional two-level null random intercepts 
model with the proportion of the use of the language switch button to switch respectively to the 
OL or the LOI as response variable (Model 0) shows that the choice for a multilevel approach is 
supported. While 81.5% of the variance in the proportion of the use of the language switch 
button is related to differences between students within classrooms (σ2e0 = 361.782, χ2 = 
109.667, df = 1, p<.001), 18.5% stems from differences between classrooms (σ2u0 = 82.290, χ2 = 
5.675, df = 1, p<.05). Adding variance at the classroom level significantly improves the model (χ2 
= 18.802, df = 1, p<.001). 
Students’ status in E-Validiv was included in Model 1. Apparently, LMi students who have 
their home language available in E-Validiv make similar use of the language switch button as 
LMa students to switch between languages (χ2 = 2.954, df = 1, p>.05). Moreover, Model 1 does 
not give a significant better fit for the data than Model 0 (χ2 = 2.875, df = 1, p>.05). The self- 
                                           
2 In line with the duration in the OL and the LOI, the use of the language switch button to go to the OL or 
the LOI is expressed in proportions. Therefore, the results on the use of the language switch button to 
switch to the OL give the exact opposite of the results on the use of the language switch button to switch to 
the LOI. Accordingly, only the table with the results on the proportion of use of the language switch button 
to go to the OL is included. 
 Table 5: Unstandardized regression coefficients and standard errors from the random intercept model (dependent variable: proportion of use of language switch button to go to 
                 the other language). 
 Single level Model 0 Model 1 Model 2 Model 3 Model 4 
Fixed part       
Intercept (cons) 21.823(1.328)*** 21.787(2.088)*** 18.812(2.659)*** 17.265(2.725)*** 17.871(2.799)*** 18.086(3.187)*** 
Student level       
Student status in E-Validiv 
(ref. cat.: LMa students) 
  5.208(3.030) 8.758(3.272)** 8.458(3.281)** 9.438(3.465)** 
Proficiency home language    4.715(1.986)* 2.127(3.637) 2.213(3.620) 
Interaction Student status 
in E-Validiv x Proficiency 
home language 
    3.662(4.323) 4.110(4.330) 
Gender (ref. cat.: girl)      -0.650(2.577) 
SES      0.019(0.065) 
Reading performance       
Science achievement       
Classroom level       
Linguistic diversity: Inverse 
Herfindahl-index 
      
Linguistic diversity: 
Proportion of LMi students 
      
Positive use of linguistic 
diversity by teacher 
      
       
Random part        
Classroom level σ2u0 (between)  82.290(34.542)* 73.442(32.047)* 71.968(32.120)* 69.680(31.492)* 74.635(32.904)* 
Student level σ2e0 (within) 440.574(39.406)*** 361.782(34.547)*** 360.573(34.414)*** 357.662(34.828)*** 357.428(34.796)*** 352.308(34.650)*** 
Model fit       
Deviance (-2LL) 2231.489 2212.687 2209.812 2128.32 2127.607 2090.496 
χ2  18.802 2.875 81.492 0.713 37.111 
df  1 1 1 1 2 
p  ***  ***  *** 
Reference model  Single level Model 0 Model 1 Model 2 Model 3 
       
Variance at level 2       
ρ(%)  18.5% 16.9% 16.8% 16.3% 17.5% 
*p<.05, **p<.01, ***p<.001 
Note: values in parentheses are standard errors; HL = home language; LMa = language majority; SES = socioeconomic status 
 Table 5 (continued): Unstandardized regression coefficients and standard errors from the random intercept model (dependent variable: proportion of use of language switch button 
                                         to go to the other language). 
 Model 5 Model 6 Model 7 
Fixed part    
Intercept (cons) 18.181(3.202)*** 19.146(3.240)*** 18.803(3.422)*** 
Student level    
Student status in E-Validiv 
(ref. cat.: LMa students) 
7.544(3.435)* 5.024(3.802) 5.887(3.956) 
Proficiency home language 2.150(3.578) 2.026(3.562) 1.367(4.134) 
Interaction Student status 
in E-Validiv x Proficiency 
home language 
4.800(4.223) 4.176(4.223) 5.548(4.723) 
Gender (ref. cat.: girl) 0.987(2.640) 1.166(2.630) 0.924(2.825) 
SES 0.033(0.067) 0.045(0.067) 0.083(0.073) 
Reading performance 0.504(0.349) 0.546(0.349) 0.451(0.380) 
Science achievement -1.272(0.342)*** -1.220(0.342)*** -1.391(0.362)*** 
Classroom level    
Linguistic diversity: Inverse 
Herfindahl-index 
 -0.849(12.316) 9.353(13.878) 
Linguistic diversity: 
Proportion of LMi students 
 9.565(6.345) 4.790(8.702) 
Positive use of linguistic 
diversity by teacher 
  -3.266(3.021) 
    
Random part     
Classroom level σ2u0 (between) 81.005(33.864)* 79.001(33.291)* 77.900(34.364)* 
Student level σ2e0 (within) 328.314(32.570)*** 325.406(32.268)*** 328.909(34.538)*** 
Model fit    
Deviance (-2LL) 2050.492 2048.106 1840.671 
χ2 40.004 2.386 207.435 
df 2 2 1 
p ***  *** 
Reference model Model 4 Model 5 Model 6 
    
Variance at level 2    
ρ(%) 19.8% 19.5% 19.1% 
*p<.05, **p<.01, ***p<.001 
Note: values in parentheses are standard errors; HL = home language; LMa = language majority; SES = socioeconomic status 
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assessed proficiency in the home language was entered into Model 2, showing that a higher self-
assessed proficiency in the home language is related to a higher proportion of switches to the 
OL, regardless of whether students have their home language or a foreign language available in 
E-Validiv (χ2 = 5.634, df = 1, p<.05). Moreover, LMi students having their home language 
available in E-Validiv switch more often to the OL when the self-assessed proficiency in the 
home language is taken into account (χ2 = 7.162, df = 1, p<.01). Model 2 gives a better fit for the 
data than Model 1 (χ2 = 81.492, df = 1, p<.001). The interaction term of students’ status in E-
Validiv and the proficiency in the home language was integrated in Model 3. However, this 
interaction term does not seem to play a significant role to explain the use of the language switch 
button (χ2 = 0.718, df = 1, p>.05). Moreover, the main effect of the proficiency in the home 
language disappears (χ2 = 0.342, df = 1, p>.05). The addition of the interaction term does not 
lead to a significant improvement of Model 3 in comparison to Model 2 (χ2 = 0.713, df = 1, p>.05). 
Although gender (χ2 = 0.064, df = 1, p>.05) and SES (χ2 = 0.081, df = 1, p>.05) do not play a 
significant role in the use of the language switch button, the inclusion of student background 
characteristics in Model 4 leads to a significant better fit for the data (χ2 = -37.111, df = 2, 
p<.001). With regard to the integration of student characteristics related to learning 
achievement, Model 5 shows that students who achieve higher results for science also switch 
more often to the LOI (χ2 = 13.845, df = 1, p<.001). Model 5 fits the data significantly better than 
Model 4 (χ2 = 40.004, df = 2, p<.001). 
The addition of the classroom level explanatory variables (level 2) concerned with the 
presence of linguistic diversity in Model 6 leads to the disappearance of the significant positive 
fixed slope for students’ status in E-Validiv (χ2 = 1.747, df = 1, p>.05). Moreover, the resulting 
Model 6 does not give a significant better fit for the data than Model 5 (χ2 = 2.386, df = 2, p>.05). 
The positive use of linguistic diversity by the teacher was added in Model 7. However, the 
included parameter does not have added value to explain variance in the use of the language 
switch button to switch between languages (χ2 = 1.168, df = 1, p>.05). Nevertheless, Model 7 
gives a significant better fit for the data than Model 6 (χ2 = -207.435, df = 1, p<.001). 
 
6. Discussion and conclusion 
6.1 Discussion 
Whereas LMi students’ home language is now still often excluded from the learning process, 
CBLEs offer great potential to integrate it as a valuable support tool in the classroom practice 
(e.g., Clark et al., 2012). This can offer a way to close the gap in science achievement between 
LMi students and LMa students (Martin et al., 2012; OECD, 2009, 2010; Van Laere et al., 2014). 
In this study, we explored how students approach bilingual content (i.e., content in the language 
of instruction (LOI) and one of six other languages (OLs), according to students’ home language) 
offered in E-Validiv, a CBLE dealing with science topics. Moreover, we identified both student 
and classroom characteristics related to the use of the bilingual content. Therefore, we examined 
the time spent in both languages as well as the related activity of code-switching through the use 
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of a language switch button. Special focus was put on LMi students, as they have their home 
language available in the CBLE. 
In general, the content in the OL is accessed by both LMi and LMa students. Thus, while LMi 
students make use of their home language, LMa students also tend to go to the foreign language. 
This can indicate that LMa students are curious about the content in the foreign language and 
even make connections between both languages as they often already have some notion of the 
foreign language through the use of different media (Kuppens, 2007). Through comparing the 
content in both languages, their metalinguistic awareness can be stimulated, thereby 
strengthening their insight into how language works (Kenner et al., 2008; Martin-Beltran, 2010). 
Furthermore, LMi students tend to spend more time in and switch more often to their home 
language than LMa students do with regard to the foreign language. However, LMi students’ 
main focus also remains on the content offered in the LOI as they still spend a little less than 
three-quarters of their time in the LOI. This may imply that they use both the content in the 
home language and code-switching strategically (Macaro, 2005; Moodley, 2007; Upton & Lee-
Thompson, 2001).  
The findings from the multilevel analyses confirm that especially the student characteristics 
related to LMi students’ home language characterize the use of the bilingual content: LMi 
students spend more time in their home language, compared to the time LMa students dedicate 
to the foreign language. At the same time, LMi students are still directed mostly at the LOI, which 
indicates that they especially apply the content offered in their home language as a support tool 
for their learning process (Clark et al., 2012; Jiménez et al., 1996; Msimanga & Lelliott, 2014; Van 
Laere, Rosiers, Van Avermaet, Slembrouck, & van Braak, 2015). Furthermore, self-assessed 
proficiency in the home language only plays a role for LMi students’ use of the bilingual support: 
while LMi students generally dedicate more time to their home language, those who assess 
themselves as more highly proficient in their home language spend even more time in their 
home language than LMi students who do not think highly of their competence in their home 
language. While Moreno and Durán (2004) found that students with limited proficiency in the 
LOI access explanations in a CBLE more in their home language, our study shows that students 
who assess themselves as highly proficient in their home language approach the content more in 
their home language. The latter thus seem to feel more confident in using their home language as 
a support for their learning process. Accordingly, they may profit more from it as research has 
already indicated that students who are highly proficient in their home language benefit from it 
for their academic achievement in the LOI (Yeung et al., 2000). However, for E-Validiv, this needs 
to be further examined in studies with a focus on outcomes related to science achievement. 
The activity of code-switching, operationalized as the use of the language switch button, 
cannot be sufficiently explained by the characteristics related to LMi students’ home language. 
Research has shown that code-switching is a common and purposefully used skill in bilinguals 
which fosters deep knowledge and skill acquisition in content areas across and between 
languages (Celic & Seltzer, 2011; Macaro, 2005; Unamuno, 2008). However, in E-Validiv, LMi and 
LMa students do not seem to apply code-switching in a distinct way to access content in either 
language. We acknowledge that accurately capturing code-switching in a CBLE through the use 
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of a language switch button may be very hard as it is mostly an automatic process in highly 
competent bilinguals (Macaro, 2005). However, students may also need explicit encouragement 
to develop and apply code-switching in a CBLE like E-Validiv before they can appeal to it as a 
true learning strategy (Duibhir & Cummins, 2012; Ferguson, 2009; Jiménez et al., 1996; Reyes, 
2004). As Söderberg Arnfast and Jørgensen (2003) state, students first need to be taught how 
and when to use code-switching strategically before it can support their learning process.  
With regard to the other student characteristics, only students’ science achievement is 
significantly related to the way the bilingual content is approached: students who already 
master science content rather well access the content more in the LOI than in the OL. In other 
words, LMa students who already perform well on science topics seem to be less inclined to 
attend to the content in the foreign language. Moreover, high achieving LMi students are 
probably less in need of deploying their home language as a support tool for learning as they 
already have a good understanding of the content in the LOI. This supports the idea that 
particularly low achieving LMi students need assistance in their home language to bridge the 
achievement gap between LMi and LMa students (Martin et al., 2012; OECD, 2009, 2010; Van 
Laere et al., 2014). Whereas reading comprehension in the LOI has been shown to be related to 
both science achievement (Maerten-Rivera et al., 2010; O’Reilly & McNamara, 2007; Taboada, 
2012; Van Laere et al., 2014) and how content in CBLEs is approached (Snow et al., 2014), it 
does not play a significant role in the way the bilingual content in the CBLE E-Validiv is accessed. 
Although Moreno and Durán (2004) found that students with limited proficiency in the LOI 
turned more often to explanations in their home language in a CBLE, this was not confirmed in 
this study for reading performance in the LOI. Furthermore, whereas Pöhnl and Bogner (2012) 
found the same instructional design to be used differently according to gender, boys and girls 
tend to apply the bilingual content in E-Validiv in a similar way. Whether a student comes from a 
family with a high or a low SES does not influence the way the bilingual content is approached, 
which is in line with the findings from Tondeur and colleagues (2011). 
With regard to the classroom characteristics, the findings show that differences between 
classrooms indeed exist in the way the bilingual content is used in a CBLE like E-Validiv. 
However, the possible reasons that have been put forward in this study cannot give sufficient 
explanation. For example, the presence of a large linguistic diversity in the classroom may help 
students to open up to different languages (Gogolin, 2002). As a consequence, they may be 
triggered to access the content in the OL more. However, whether or not a classroom consists of 
different groups of students speaking a variety of languages does not explain why students in 
various classrooms approach the bilingual content in E-Validiv differently. Moreover, it could be 
expected that when teachers give room to every student’s linguistic repertoire and intentionally 
use it in the learning process (Sierens & Van Avermaet, 2014; Muller & Baetens Beardsmore, 
2004), this also influences the way students approach the content in the OL in E-Validiv. 
However, this could not be confirmed in the present study. 
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6.2 Implications 
In sum, particularly the characteristics related to LMi students’ home language play a role in the 
way the bilingual content in E-Validiv is approached. This is especially the case for the time 
dedicated to both languages; it remains unclear which characteristics explain differences in the 
way code-switching is deployed. Compared to LMa students, LMi students tend to use the 
content in their home language more while their main focus remains on the content in the LOI. 
This indicates that LMi students especially apply the content in their home language as a support 
for knowledge acquisition in the LOI. However, we must take into account that the overall 
limited use of LMi students’ support in their home language may also reflect a more general 
caution in these students in applying the resources in their home language in the classroom 
context. At the start of our study, the majority of the participating schools were in favor of a 
monolingual approach and did not question it. Hence, the focus in nearly all classrooms was on 
learning in and through the LOI, which implies that LMi students received the message to 
exclude their home language from their learning process. The implementation of the newly 
developed CBLE E-Validiv, with LMi students gaining access to content available in their home 
language, introduced a whole new approach. Students may not yet have felt comfortable enough 
to strategically apply their home language as a valuable tool for learning within the given 
context. As research has already shown, the setting may have an important influence on whether 
or not the home language is used (e.g., Becker, 1997; Goriot et al., 2015; Gort, 2006; Storch & 
Wigglesworth, 2003). Moreover, this may explain why we did not find any relationship between 
the factors related to the linguistic diversity in the classroom and the use of the bilingual content 
in E-Validiv. As nearly all classrooms started the project with a monolingual approach in which 
the present linguistic diversity was not made visible or intentionally employed, they were 
comparable in this respect. Therefore, investments in informing both teachers and their 
students of what students’ linguistic repertoire in general, and the home language in particular, 
can contribute to the learning process, is a necessary prerequisite for the present linguistic 
diversity to be valued as a didactic resource (Goriot et al., 2015). In this way, multilingual CBLEs 
like E-Validiv can be intentionally employed in both teachers’ classroom practice and students’ 
learning process.  
Furthermore, LMi students with a low self-assessed proficiency in their home language who 
struggle with science content seem to face challenges in applying bilingual content efficiently. 
Special attention should be given to this group in order to strengthen both their home language 
and the LOI, which is in line with Cummins’ (1979) linguistic interdependence hypothesis. With 
regard to the development of E-Validiv, this can imply that the content is made more concrete 
(e.g., through animations, videos,…) and that support is adapted according to students’ 
competence (e.g., explanation of difficult words, facilitating content,…). Introducing a 
multilingual approach from early childhood education onwards can also help to let students 
benefit from their full linguistic repertoire at a later age. In combination with sufficient 
professional support and a continued development of a clear vision on the positive use of 
linguistic diversity, this can lead CBLEs such as E-Validiv to become a viable tool in tackling the 
challenges today’s linguistically diverse classrooms are faced with. 
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6.3 Limitations and future directions 
A number of limitations of the present study and related directions for future research should be 
taken into account. First, the use of the bilingual content is studied for only one subtheme in E-
Validiv. The activity in other subthemes could also be analyzed to examine if the results can be 
replicated. Second, students themselves judged their proficiency in their home language. A more 
accurate measure of this factor could be obtained through the use of standardized tests. 
However, in the context of the present study, this was not possible because of the large linguistic 
diversity in our sample and the lack of comparable tests of sufficient quality for the different 
languages. Related to this, LMa students’ proficiency in the foreign language available to them in 
E-Validiv could also be taken into account in future studies, as this can influence the way they 
approach the information in the other language. Third, no conclusions can be drawn with regard 
to causal relationships as our data were not collected in the context of a longitudinal design. 
Moreover, future studies with a focus on achievement are needed to examine if the use of CBLEs, 
such as E-Validiv, can contribute to students’ learning outcomes. Fourth, we have only employed 
data based on the logging to analyze students’ activities in the CBLE. Qualitative data (e.g., 
observations, interviews,…) could shed more light on students’ motives to use the bilingual 
content. Finally, it remains unclear which classroom characteristics may influence the use of the 
bilingual content in the CBLE. Future research should explore other classroom characteristics 
(e.g., the way the CBLE is integrated into the classroom practice) to get a clearer picture of what 
may cause differences between classrooms. The use of qualitative data can be helpful here too. 
 
6.4 Conclusion 
To conclude, the present study contributes to the general understanding of different 
characteristics which play a role in the way students approach CBLEs. This can support the 
design of more effective CBLEs and give insights into how we can prepare students to pursue 
their learning goals through the strategic use of various supports (Proctor et al., 2007). More 
specifically, this study gives unique first insights into what relates to students’ use of bilingual 
content offered to them in a CBLE by means of switching between languages. It shows that a 
CBLE such as E-Validiv may act as a viable means to support LMi students in their learning 
process through integrating their home language. Furthermore, it offers promising pathways to 
explore in what way the science achievement gap between LMi and LMa students can be 
bridged. In sum, the development of E-Validiv, and of multilingual CBLEs in general, can be 
regarded as a valuable starting point to approach the existing linguistic diversity in the 
classroom as an asset instead of a burden. 
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Chapter 5 
Auditory support to assist learning in linguistically diverse 
classrooms: Factors related to the use of 
bilingual text-to-speech technology 
 
 
Abstract 
Text-to-speech technology can act as an important support tool in computer-based learning 
environments (CBLEs) as it provides auditory input, next to on-screen text. Particularly for students 
who use a language at home other than the language of instruction (LOI) applied at school, text-to-
speech can be useful. The CBLE E-Validiv offers content in the LOI and one of six other languages. 
All content can be read aloud via text-to-speech. For students having a home language other than 
the LOI, the other language is set to their home language; students who use the LOI at home mostly 
have English or French available. This study aimed to determine fifth-grade students’ use of 
bilingual text-to-speech and to examine student characteristics related to this use (n = 360). 
Multilevel hierarchical regression analyses show that particularly students having their home 
language available apply text-to-speech in their home language. However, their main focus 
remains on text-to-speech in the LOI. Students with a low self-assessed proficiency in their home 
language and those who often watch television and read books in the LOI use text-to-speech more 
in the LOI. Considerations for practice, the design of CBLEs with text-to-speech, and future 
directions for research are discussed. 
 
1. Introduction 
Recent advancements in technology enable the integration of different support tools in 
computer-based learning environments (CBLEs). These can help to facilitate learning (Brett, 
1995) and to respond to students’ needs and preferences (Dalton & Strangman, 2006). One of 
these support tools is text-to-speech (TTS) technology, which converts digital text to spoken 
language so that a digital voice can read the text aloud. Hence, auditory information is offered in 
combination with visual information, without the direct presence of, for example, a teacher 
(Leslie, Low, Jin, & Sweller, 2012). This can be particularly useful for students who face serious 
challenges to comprehend the amount of information provided in CBLEs and to achieve the high 
literacy demands related to it (e.g., Proctor, Dalton, & Grisham, 2007), such as language minority 
students who speak a language at home other than the language of instruction (LOI), which is 
used for instruction and interaction in the classroom and school context. 
The way various groups of learners apply these new technologies in CBLEs, how they employ 
the choices offered to them in accessing text, and how they process auditory information in 
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combination with visual information are important questions for research into multimedia 
environments (Plass, Chun, Mayer, & Leutner, 1998; Vandergrift, 2007). Studies on these topics 
can help in gaining insights into the support students in general, and language minority students 
in particular, need in such CBLEs (Vandergrift, 2007). Accordingly, the development of adaptive 
systems with learner-controlled options can support students’ needs and preferences, make 
content more accessible through their selected use of different combinations of media, and thus, 
enhance learning (Brett, 1995; Plass et al., 1998). 
Despite the potential of TTS to support students’ learning process, research on how TTS can 
be integrated and used in CBLEs is still limited. There is a particular lack in research about the 
potential supportive nature of TTS for language minority students. Therefore, the present study 
focuses on a CBLE which offers bilingual auditory support (i.e., in the LOI and another language) 
in the form of TTS technology, next to bilingual on-screen text. This study aims to examine the 
use of bilingual TTS in the CBLE and how it is related to learner characteristics regarding 
students’ home language, the LOI, background, and learning achievement. In the following, we 
will first discuss why TTS should be considered for CBLEs and how it can strengthen the 
learning process through combining visual and auditory input. Moreover, we will look at student 
characteristics likely related to the use of TTS in a CBLE. 
 
2. Theoretical background 
2.1 Why should TTS be integrated in a CBLE? 
There are different reasons to consider the integration of TTS into CBLEs, as these are 
information-rich and contain mainly textual information. First, through the simultaneous offer of 
information in a visual and auditory way, struggling readers can remove barriers for 
comprehension (e.g., because of decoding and fluency problems), appeal to different 
representations, and thus access information more easily (Dalton, Pisha, Eagleton, Coyne, & 
Deysher, 2002; Dalton & Strangman, 2006; Lundberg & Olofson, 1993; Proctor et al., 2007; Wald, 
2008). This can free space in working memory, thereby reducing cognitive overload (Sweller, 
2010). Hence, students can focus on meaning construction, which is the actual goal of reading 
(Dalton & Strangman, 2006; Proctor et al., 2007). This also implies that they can read age-
appropriate material at their proper grade and interest level (Dalton & Strangman, 2006).  
Second, auditory text is expressed in an authentic way, which makes it less difficult to 
understand when students have difficulty with reading comprehension (Brett, 1995; Chang, 
Tseng, & Tseng, 2011; Porter & Roberts, 1981). At the same time, listening is transitory, implying 
that spoken information has to be processed quickly as working memory only has limited 
capacity (Moussa-Inaty, Ayres, & Sweller, 2012; van den Broek, Segers, & Verhoeven, 2014; 
Yang, 2014). However, the combination with visual input can help to fix this issue, as visual text 
can remain longer in memory (Chang et al., 2011; Moussa-Inaty et al., 2012).  
Third, language minority students, who often speak a language at home other than the LOI 
used at school, face an extra challenge: they have to acquire new literacy skills at school, just like 
all students, but they also have to do it in the LOI, which they have often not yet fully mastered 
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(Goldenberg, 2008). The achievement gap between language minority and language majority 
students (Martin, Mullis, Foy, & Stanco, 2012; OECD, 2010; Van Laere, Aesaert, & van Braak, 
2014) also indicates that language minority students experience more difficulties to attain the 
same achievement level as their language majority peers, who use the same language at home as 
the LOI applied at school. Offering language minority students support in their home language 
can be a viable means to overcome this challenge by assisting them in the mastery of content in 
the LOI through the appeal to their home language (Sierens & Van Avermaet, 2014). Moreover, 
as language minority students mostly use their home language in an oral way with their parents 
and siblings, giving access to TTS to decode written content in their home language can actually 
help them to surmount obstacles if their reading skills in their home language are not strongly 
developed.  
Language minority students need support in both oral language development and reading 
skills to become highly proficient in literacy in the LOI (August & Shanahan, 2006). Hence, the 
integration of TTS into CBLEs can be considered as a way to accommodate to students’ personal 
needs. This enables a more adaptive and individually supportive approach, for example for 
language minority students (Dalton & Strangman, 2006). There are already some CBLEs 
available which aim to support language minority students in their learning process through the 
offer of content in their home language, for example by means of TTS technology. The Universal 
Literacy Environment offers web-based English texts to improve vocabulary development and 
reading comprehension, particularly for native Spanish speakers (Dalton & Proctor, 2007; 
Dalton, Proctor, Uccelli, Mo, & Snow, 2011). Through TTS, the text, directions, and instructional 
supports can be read aloud both in English and Spanish. Students can also choose the voice and 
narration rate (Dalton & Proctor, 2007). HELP Math (Help with English Language Proficiency) is 
a web-based additional mathematics curriculum focused on the development of both 
mathematical vocabulary and proficiency in the LOI (i.c., English) for English Language Learners 
(Freeman, 2012). Audio support is available in Spanish. In the Wolves Project, a Web-based 
Inquiry Science Environment (WISE) on wolf ecology and population management, students can 
access content in both English and Spanish (Clark, Touchman, Martinez-Garza, Ramirez-Marin, & 
Drews, 2012). They can choose to turn audio support on in both languages, for example to hear 
the explanation of a concept. Finally, bilingual multimedia storybooks allow to listen to a story in 
both the LOI and language minority students’ home language while it is shown on screen (e.g., 
Edwards, Monaghan, & Knight, 2000).  
Despite these promising initiatives, there is a lack of research regarding factors which 
determine the use of TTS. Studies on the aforementioned CBLEs mostly consider a whole range 
of different support tools, without focusing on the use of TTS in itself. Moreover, research on 
support tools in CBLEs generally examine the impact of the tools on learning outcomes. 
However, Belland and Drake (2013) state that this is problematic, as it starts from the 
expectation that the tools have the same impact on different students. Therefore, it is important 
to study how students with different characteristics make use of the support tools offered to 
them, as the differential use can also have an impact on learning outcomes (Clarebout & Elen, 
2006; Giesbers, Rienties, Tempelaar, & Gijselaers, 2013). For example, less successful learners 
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often ignore support that would be beneficial to them (Proctor et al., 2007). Particularly in light 
of the incorporation of TTS in CBLEs as a support tool for language minority students’ learning 
process, it is necessary to determine the characteristics that play a role in the use of TTS in both 
the home language and the LOI.  
 
2.2 Combining visual and auditory information 
Learning opportunities offered by educational technology have more chance to be effective if 
they are adapted to the way the human cognitive system operates (Mayer, 2010). Moreover, they 
should be in line with cognitive processes for learning in other instructional environments 
(Brett, 1995). Otherwise, the available support tools may inhibit rather than facilitate learning 
(Leslie et al., 2012). Accordingly, integrating TTS technology in CBLEs with textual information is 
supported by the assumption that the combined presentation of two modalities, such as visual 
and auditory text, can foster students’ learning process through the access of information via 
two channels (Dalton & Strangman, 2006; Lundberg & Olofson, 1993; Proctor et al., 2007). 
Modality refers to the information-processing channel which a learner uses to process 
information (Moreno, 2006). Presentations simultaneously using the auditory modality (e.g., 
spoken words through the ears) and visual modality (e.g., on-screen text through the eyes) are 
dual modality or audiovisual presentations (Kalyuga, 2012). This is the kind of presentation we 
focus on in this study.  
The audiovisual way of presenting is based on the dual channel assumption, one of the main 
assumptions of the cognitive theory of multimedia learning (Mayer, 2010) and strongly related 
to Baddeley’s (1992) work. This assumption states that “humans possess separate information 
processing channels for visually represented material and auditory represented material” 
(Mayer, 2010, p. 33). According to Baddeley (1992), working memory consists of two separate 
and partially independent systems which can simultaneously process information, namely the 
auditory and visual system. Both systems can only hold a limited number of elements for a 
limited amount of time (Baddeley, 1992; Chandler & Sweller, 1992; Moreno & Mayer, 2002; van 
Merriënboer & Sweller, 2005). When students simultaneously read and hear a text, they process 
the written information in visual working memory and the corresponding spoken information in 
auditory working memory (Moreno & Mayer, 2002). As both systems deal with distinct forms of 
information and apply different cognitive resources, students can maintain both verbal and 
visual representations in working memory, process them, and develop a coherent schema 
(Mayer & Moreno, 1998). Hence, the capacity of working memory is extended if two modalities 
are applied (Moreno & Mayer, 1999). Moreover, misunderstandings in one modality can be 
moderated through the other modality (Mayer & Moreno, 1998). Türk and Erçetin (2014) have 
also shown that learners are more engaged and achieve higher when they simultaneously 
receive verbal and visual information, compared to allowing them to choose the kind of input. 
Thus, it is assumed that students benefit more from dual modality than single modality for both 
retention and transfer (Kalyuga, 2012; Mayer, Heiser, & Lonn, 2001; Moreno & Mayer, 2002).  
However, according to the redundancy principle, performance may decrease when students 
receive the same information through different modalities (Sweller, 2010). Additional repeated 
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information that is not necessary for comprehension may lead to a heightened cognitive load, 
which may actually impede learning (Chandler & Sweller, 1991; Leslie et al., 2012). This may 
imply that verbal redundancy, or the simultaneous presentation of spoken and written text with 
identical words (Kalyuga, 2012; Moreno & Mayer, 2002), negatively affects learning because of 
an excessive working memory load (Sombatteera & Kalyuga, 2012). Yet, the research results on 
this verbal redundancy effect remain inconclusive. While some studies have reported that 
learning with verbally redundant spoken-written presentations does not improve performance 
(Acha, 2009; Chang et al., 2011; Craig, Gholson, & Driscoll, 2002; Jamet & Le Bohec, 2007; 
Kalyuga, Chandler, & Sweller, 1999, 2000, 2004; Mayer et al., 2001; Moussa-Inaty et al., 2012; 
Pastore, 2012), others have found positive effects of verbal redundancy for learning (Bird & 
Williams, 2002; Lewandowski & Kobus, 1993; Montali & Lewandowski, 1996; Moreno & Mayer, 
2002; Mousavi, Low, & Sweller, 1995; Ritzhaupt, Gomes, & Barron, 2008). Besides, most studies 
revealing negative effects of verbal redundancy combine audio and on-screen-text with 
animations or pictures (e.g., diagrams), which may likely overload the visual channel (Ritzhaupt, 
Pastore, & Davis, 2015). When no other competing visual information is presented 
simultaneously with on-screen text, redundant verbal messages promote learning more than 
nonredundant verbal explanations (Moreno & Mayer, 2002).  
In this study, the focus lies on how the comprehension of visual text can be supported by 
auditory input, without the inclusion of animations. A distinction is also necessary concerning 
the reason to integrate TTS in a CBLE: to increase proficiency in a specific language or to 
increase comprehension (Moussa-Inaty et al., 2012). For example, Moussa-Inaty and colleagues 
(2012) found that students improved their listening skills of English as a foreign language when 
they only had to read. However, students comprehended more if spoken and written text were 
used simultaneously. The purpose of TTS in the present study is primarily to enhance 
comprehension. Moreover, from their meta-analysis, Adesope and Nesbit (2012) conclude that 
students learning from spoken-written presentations outperform those learning from spoken-
only presentations. This is particularly the case for learners with low prior knowledge, system-
paced learning materials, and picture-free materials. No differences were found between 
spoken-written presentations and written-only presentations. According to Adesope and Nesbit 
(2012), the mixed outcomes in verbal redundancy studies and the difficulty of drawing 
conclusions about learning effects can be ascribed to a considerable extent to learner 
characteristics.  
 
2.3 Characteristics likely related to the use of TTS in a CBLE 
The former section concluded with the point that learner characteristics can play a role in the 
way TTS is applied in CBLEs. Plass and colleagues (1998) state that the most effective way to 
address individual differences is to present students with options in both the visual and verbal 
modality, so that they can actively select and process material. However, the relationship 
between individual learner characteristics and the use of digital supports, such as TTS, needs to 
be understood more clearly before the impact of TTS on achievement can be determined (Dalton 
& Strangman, 2006).  
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Regarding the integration of audiovisual support in language minority students’ home 
language in a CBLE, Kalyuga (2012) states that particularly students for whom the LOI is not 
their home language may benefit from a narration with simultaneous on-screen text. Adesope 
and Nesbit’s (2012) meta-analysis also shows that particularly language minority students who 
need to learn the LOI as a second language can benefit from spoken-written presentations.  
Concerning the proficiency in the language in which TTS is available, Mueller (1980) has 
shown that, compared to single modality, dual modality is useful as a compensatory strategy for 
students with a low level of proficiency in the language under study. Students who are highly 
proficient in a language attain the same results when receiving audiovisual material as when 
using material in only one modality (Mueller, 1980). In Chang and colleagues’ (2011) study, 
students with low English proficiency who learned with a combination of written text and 
spoken messages experienced less extraneous load than those who learned with spoken 
messages only. Accordingly, the dual modality group enhanced his listening comprehension, as 
they had sufficient time to process and store new information in long-term memory. In contrast, 
students with high English proficiency could rely more on prior knowledge about English. This 
helped them to connect new information to already existing knowledge in long-term memory, 
thus resulting in lower intrinsic load (cf. Sweller, van Merriënboer, & Paas, 1998).  
Related to this, students’ reading level may also play a role in the use of TTS (Dalton & 
Strangman, 2006). For example, Verhoeven (1990) has shown that reading comprehension in 
the LOI is strongly influenced by oral proficiency in the LOI for Turkish-speaking language 
minority students at the beginning of formal instruction. Hence, students learning to read in the 
LOI should get support to develop their oral skills in the LOI to strengthen reading instruction in 
that language. Montali and Lewandowski (1996) have found that providing less skilled readers 
with audiovisual support can make them feel more confident about their comprehension, 
compared to single modality. Adesope and Nesbit’s (2012) meta-analysis also indicates that 
particularly struggling readers benefit from presentations combining spoken and written words. 
They may use the spoken content to compensate for failed comprehension of written content or 
vice versa. This may imply that verbal redundancy is particularly useful to foster reading 
comprehension for struggling readers. For example, Dalton and Proctor (2007) have found that 
struggling readers frequently rely on TTS support in a CBLE to gain access to challenging text.  
As comprehension is dependent on knowledge that is not always directly traceable from a 
single word or sentence (Whitehurst & Lonigan, 1998), the access to and use of different 
linguistic resources can also play a role in students’ use of bilingual auditory support. For 
example, regularly reading books in a certain language can strengthen proficiency in word 
recognition, vocabulary, strategy use, and reading fluency (Echols, West, Stanovich, & Zehr, 
1996; Guthrie, Wigfield, Metsala, & Cox, 1999; Leppänen, Aunola, & Nurmi, 2005). This helps 
students in their text comprehension and in their development towards proficient readers 
(Guthrie, Schafer, & Huang, 2001; Juel, 1988; Sénéchal & LeFevre, 2002). Moreover, reading 
frequency does not only contribute to reading achievement, but also extends general knowledge 
(Cox & Guthrie, 2001; Cunningham & Stanovich, 1997), for example by experiencing new ideas 
and broadening prior knowledge (Juel, 1988). Watching television can also lead to incidental 
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vocabulary learning and increased comprehension (Webb & Rodgers, 2009). For example, 
Kendeou and colleagues (2005) have shown that comprehension skills acquired in one medium, 
such as television, can transfer to reading. Thus, through contact with oral and written language 
both inside and outside school, children can acquire literacy skills in a spontaneous way, without 
formal instruction (Elley & Mangubhai, 1983; Krashen, 1989).  
Prior knowledge of a topic may also be related to students’ use of support tools (Belland & 
Drake, 2013) and, hence, play a role in their use of auditory support. For example, Leslie and 
colleagues (2012) have shown that for students who already master knowledge on a topic, an 
audiovisual presentation does not have added value compared to a spoken-only presentation. 
However, for students with no prior knowledge on the topic, adding visual information can 
support them to make sense of the auditory explanation. This finding is in line with other 
studies, showing that students with low prior knowledge gained more advantage from 
audiovisual presentations, while students with high prior knowledge did not (Mayer & Gallini, 
1990; Mayer, Steinhoff, Bower, & Mars, 1995). From their meta-analysis, Adesope and Nesbit 
(2012) also conclude that students with low prior knowledge are likely to learn more from 
verbally redundant materials than those with high prior knowledge. Thus, whether or not 
information is redundant is also determined by a student’s expertise, also known as the 
expertise reversal effect (Kalyuga, 2007; Kalyuga, Ayres, Chandler, & Sweller, 2003; Leslie et al., 
2012). Likewise, students’ time-on-task, indicating the amount of time a student is engaged in a 
certain activity (Berliner, 1990), is an important predictor to consider: research has consistently 
shown that time-on-task is positively related to students’ learning as well as achievement (Snow, 
1990; van Gog, 2013). Moreover, the amount of time a student needs to complete a task or 
master a skill depends to a large extent on individual differences (van Gog, 2013). 
Finally, students’ background characteristics, such as their gender and socioeconomic status 
(SES), also need to be taken into account to determine if these play a significant role in the use of 
TTS (Chang et al., 2011). More specifically, studies have already indicated that these 
characteristics can affect processes related to listening comprehension (Seright, 1985; Rubin, 
1994).  
 
3. Research purpose 
CBLEs offer great potential to enrich students’ learning process through different support tools. 
However, little is known about what kind of supports work best for various groups of students 
(Dalton & Strangman, 2006). Moreover, research on the use of TTS in CBLEs, and more 
specifically giving auditory support in language minority students’ home language, is still very 
limited. Furthermore, few studies on the use of instructional supports in CBLEs and the related 
characteristics focus on students in primary education (Witteman & Segers, 2010). The aim of 
the present study is to examine factors related to fifth-grade students’ use of bilingual TTS in a 
CBLE focused on science education. On the one hand, we will explore the use of TTS provided to 
students in two different languages (i.e., the LOI and one of six other languages). On the other 
hand, we will examine student characteristics that are related to the use of bilingual TTS. 
Therefore, the following research question guides the study: do student characteristics 
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regarding their home language, the LOI, background, and learning achievement relate to the use 
of bilingual auditory support in a CBLE with TTS technology? 
 
4. Method 
4.1 The CBLE E-Validiv 
E-Validiv is a CBLE, developed as part of the broader Validiv-project (Valorizing Linguistic 
Diversity in Multiple Contexts of Primary Education), to teach fourth- and fifth-grade students 
about topics within the domain of science education. What makes this CBLE unique, is its 
multilingual character: all content is available in the LOI (i.c., Dutch) and one of six other 
languages (i.e., English, French, Italian, Spanish, Polish, Turkish). The other language is fixed 
according to a student’s linguistic background or preference. For example, a student who speaks 
Turkish at home can go through E-Validiv in the LOI and Turkish. For language majority students 
and language minority students whose home language is not available in E-Validiv, the other 
language is most often set to French or English, as these are the first two languages students 
encounter in foreign language education. Throughout the CBLE, students can switch between 
screens by means of a language switch button. Accordingly, they get access to exactly the same 
content in both languages (see Figure 1). 
One of the support features in E-Validiv is the availability of TTS technology (see Figure 1): all 
the content which is written on the screen can also be read aloud, thereby giving students access 
to both languages in the visual and the auditory modality. Whenever a student shifts to a next 
page, TTS automatically starts in the currently selected language. When a student switches to the 
other language and returns, TTS is picked up where the student left off. Students can also choose 
to pause or replay TTS through a button, which gives them control of the pacing of TTS (cf. 
Moreno & Mayer, 2007). As technology offers the possibility to track and analyze students’ use of 
support tools and relate it to student characteristics (Dalton & Strangman, 2006), logfiles were 
set up to save students’ relevant actions in E-Validiv.  
 
4.2 Participants 
In total, 360 fifth-grade students (mean age = 11.21 years; 54.1% girls; 45.9% boys) from 31 
classrooms in 23 schools participated in the study. The schools were situated in Flanders 
(Belgium), in which three regions with relatively diverse linguistic populations were selected. 
Within these regions, 214 primary schools were randomly selected and contacted to participate 
in the Validiv-project; 31.30% of them decided to join the project. In half of the participating 
schools, fifth-grade students got access to the CBLE E-Validiv. 
 
4.3 Procedure 
At the beginning of the project, students completed a paper-and-pencil questionnaire concerning 
student background characteristics, a reading comprehension test, and a science achievement
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Figure 1: Screenshot of a page within E-Validiv with integrated tools. 
 
test. One of both parents also filled in a paper-and-pencil questionnaire on the languages used at 
home and the parents’ profession. 
All participating students had access to E-Validiv during one school year with a personal user 
name and password. They had already gained experience with the CBLE in the former school 
year. Logfiles were used to trace students’ activities throughout the CBLE. From the moment 
they were logged in, all their relevant actions were registered and saved, for example the time 
they dedicated to TTS in both the LOI and the other language. 
 
4.4 Measures 
4.4.1 Dependent variables 
Regarding the time dedicated to TTS in both languages, the duration of TTS in the LOI and the 
other language was extracted from the logging. To take into account the complete time dedicated 
to TTS, we opted to convert the absolute duration of TTS to a relative duration in the form of 
percentages. Hence, the total amount of time directed to TTS is distributed between a 
percentage of time directed to TTS in the other language and a percentage of time directed to 
TTS in the LOI, together comprising 100% of time dedicated to TTS. 
 
4.4.2 Explanatory variables 
Student status in E-Validiv distinguishes language minority students for whom the other 
language is their home language and language majority students for whom the other language is 
a foreign language. Students indicating in the questionnaire that they sometimes, often or always 
speak another language with at least one of their parents were considered as language minority 
students. They were asked which language they speak at home with their parents. This was 
linked to the language available to them in E-Validiv. If these students indicated the same 
Language switch button 
Text-to-speech 
application with      
pause- and replay-button 
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language as the one available to them in E-Validiv, they were considered as language minority 
students for whom the other language is their home language. Students who indicated that they 
always or mostly speak Dutch with both of their parents were considered as language majority 
students. The variable on the other language in E-Validiv refers to the language students can 
access in the CBLE, next to the LOI. This information was obtained through the logging. The 
time-on-task in E-Validiv was extracted from the logging and gives the total amount of time 
students have spent on E-Validiv during one school year. 
Data on self-assessed proficiency in the home language, gender (girl = 1; boy = 2), 
socioeconomic status (SES), and the use of linguistic resources in the LOI and the other language 
were obtained through the student questionnaire. To measure students’ self-assessed 
proficiency in their home language, they were asked to what extent they can understand, speak, 
read, and write in their home language by giving a score on a five-point Likert-scale (1 = very 
poor; 5 = very strong). A mean score was calculated for the four skills. Language minority 
students first had to answer what two other languages they know, next to the LOI. If one of these 
languages was consistent with the other language available to them in E-Validiv and if it was 
consistent with a language one of both parents had identified as being most proficient in, it was 
considered as the student’s home language. For language majority students, their score on the 
self-assessed proficiency in the LOI was considered as these students use the same language at 
home as the LOI. Students’ self-assessed proficiency in the LOI was also determined by means of 
a mean score on the extent to which they can understand, speak, read, and write in the LOI, 
measured by a five-point Likert-scale (1 = very poor; 5 = very strong).  
To determine family SES, the international socioeconomic index of occupational status 
(ISEI08) was measured, with a score from 0 to 100 (Ganzeboom, de Graaf, & Treiman, 1992). 
Both students and their parents were asked about the professional occupation of both parents. 
Parents’ answers were used as reference; when parents did not fill in the questionnaire, 
students’ answers were used.  
The use of linguistic resources in the LOI was measured by means of two questions, namely 
“How often do you read a book in Dutch?” and “How often do you watch television in Dutch?”. 
Students had to answer on a five-point Likert-scale (1 = never; 5 = every day); the mean score 
for both was calculated. The same procedure was followed to determine the use of linguistic 
resources in other languages. No distinction was made between these other languages.  
A science achievement test was used as a measure for prior knowledge. The test was based 
on the released 2003 Dutch science items from The International Mathematics and Science 
Study (TIMSS) (Brusselmans-Dehairs & Valcke, 2004). Students had to answer 34 multiple-
choice items regarding earth science, life science, and physics. The answers were binary coded, 
with a maximum score of 34 points.  
Reading performance was measured by means of a reading comprehension test, based on the 
reading comprehension test from the Dutch Institute for Test Development (Cito) (Staphorsius & 
Krom, 1998). Students had to answer 20 multiple-choice questions about three fictional texts. 
They could achieve a total score of 20 points as the answers were binary coded. 
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4.5 Data Analysis 
The relationship between student characteristics and students’ use of the bilingual TTS in E-
Validiv was analyzed through multilevel hierarchical regression analyses (MLwiN 2.32). This 
approach was chosen as the data have a clear hierarchical structure: 360 students (level 1) are 
nested within 31 classrooms (level 2). 
First, a fully unconditional null model was tested to examine whether a multilevel approach 
was justified. Student characteristics related to the use of E-Validiv, their home language, 
background characteristics, characteristics regarding the use of linguistic resources in the LOI 
and other languages, and characteristics regarding learning achievement were integrated. It was 
also considered to enter classroom characteristics regarding the proportion of language 
minority students in the classroom and the way the classroom teacher deals with the linguistic 
diversity present in the classroom, as obtained from a teacher questionnaire. However, due to a 
high number of missing values on both of these variables, they were not taken into account in 
the estimation of the models. Parameters were estimated through the iterative generalized least 
squares algorithm. The model fit could be determined through calculating the difference in 
deviance between two consecutive models. 
 
5. Results 
5.1 Descriptive results of students’ proportion of 
time dedicated to bilingual TTS 
Table 1 offers an overview of the means, standard deviations, and Pearson’ bivariate 
correlations for the variables under study. Table 2 gives the descriptive results regarding 
students’ general use of TTS in both the LOI and the other language. The results are also split up 
according to students’ status in E-Validiv, with a distinction between language minority students 
who have their home language available in E-Validiv and language majority students for whom 
the other language is a foreign language. 
 
5.2 Multilevel analysis for the proportion of time dedicated to bilingual TTS 
Table 3 gives a summary of the stepwise multilevel approach with all model estimates for the 
proportion of time dedicated to TTS in the other language. For reasons of conciseness, we have 
not included the table with model estimates for the proportion of TTS duration in the LOI: as 
proportions are used, these results give the exact opposite of the results for TTS in the other 
language. Moreover, although seven models were tested for this study, we only report on the 
results for the null model and the final model here. For an overview of all estimated models, we 
refer to Table 3. 
 Table 1: Descriptive statistics and Pearson’s bivariate correlates. 
 M(SD) 1 2 3 4 5 6 7 8 9 10 11 12 
1. Student status in 
                                           E-Validiv (ref. cat. LMa 
                                           students) 
- 1            
2. OL in E-Validiv - .47*** 1           
3. Time-on-task 149.11(94.00) .09 .05           
4. Proficiency HL 4.29(0.67) -.40*** -.13* -.05 1         
5. Gender - .02 -.01 .02 .05 1        
6. SES 50.84(21.41) -.29*** -.39*** -.04 .07 .04 1       
7. Linguistic resources LOI 4.02(0.89) -.16** -.07 .11 .05 -.09 .06 1      
8. Linguistic resources OL 2.88(1.23) .57*** .26*** .09 -.08 .00 -.12* .01 1     
9. Science achievement LOI 21.45(5.07) -.40*** -.29*** .00 .16** .05 .45*** .16** -.28*** 1    
10. Reading performance LOI 12.25(5.07) -.42*** -.28*** .00 .22*** -.10 .38*** .20*** -.33*** .65*** 1   
11. TTS OL 18.55(23.19) .28*** .08. .08 .04 .11* .00 -.13* .25*** -.07 -.06 1  
12. TTS LOI 81.45(23.19) -.28*** -.08 -.08 -.04 -.11* .00 .13* -.25*** .07 .06 --- 1 
*p<.05, **p<.01, ***p<.001 
Note: M = mean; SD = standard deviation; LMa = language majority; OL = other language; HL = home language 
 
 
     Table 2: Mean and standard deviation for use of bilingual TTS. 
 Proportion of duration of TTS 
 In other language 
M (SD) 
In language of instruction 
M (SD) 
    General 18.55 (23.19) 81.45(23.19) 
    LMi students (n = 231) 23.43(26.41) 76.57 (26.41) 
    LMa students (n = 129) 9.80 (11.57) 90.20 (11.57) 
     Note: M = mean; SD = standard deviation; LMi = language minority; LMa = language majority 
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First, a fully unconditional two-level null random intercepts model with the proportion of 
time dedicated to TTS in the other language as response variable was estimated. The null model 
does not contain any explanatory variable yet. The intercept of the null model indicates the 
overall mean proportion for the time dedicated to TTS in the other language (M = 18.670) for all 
students across all classrooms. The results confirm that a multilevel approach is justified as the 
random part of Model 0 reveals that the variances at both classroom level (σ2u0 = 149.089, χ2 = 
9.412, df = 1, p<.01) and student level (σ2e0 = 393.856, χ2 = 164.804, df = 1, p<.001) are 
significantly different from zero. Whereas 72.5% of the variance of time dedicated to TTS in both 
languages can be explained by differences between students within classrooms, 27.5% is due to 
differences between classrooms. By introducing additional variance at classroom level, the two-
level null random intercepts model is a significant improvement over the single-level model (χ2 
= 61.807, df = 1, p<.001).  
In the following steps, the characteristics regarding the use of E-Validiv (i.e., student status in 
Model 1, other language in Model 2, time-on-task in Model 3), the home language (i.e., self-
assessed proficiency in the home language in Model 4), general background characteristics (i.e., 
gender and SES in Model 5), characteristics related to the use of linguistic resources (i.e., 
linguistic resources in the LOI and other languages in Model 6), and learning achievement (i.e., 
science achievement and reading performance in the LOI in Model 7) were consecutively added.  
The final Model 7 has an intercept of 7.543, which indicates the overall mean of the 
proportion of time spent on TTS in the other language for girls for whom the LOI is their home 
language, who have E-Validiv available in the LOI and a foreign language, namely English, and 
who have an average score on time-on-task in the CBLE, self-assessed proficiency in their home 
language, SES, the use of linguistic resources in the LOI and other languages, science 
achievement, and reading performance in the LOI.  
Regarding the characteristics related to the use of E-Validiv, language minority students for 
whom the other language is their home language use TTS significantly more in their home 
language than language majority students for whom the other language is a foreign language (χ2 
= 20.439, df = 1, p<.001). Neither the other language available in E-Validiv (French: χ2 = 0.067, df 
= 1, p>.05; Italian: χ2 = 0.272, df = 1, p>.05; Polish: χ2 = 0.308, df = 1, p>.05; Spanish: χ2 = 0.764, df 
= 1, p>.05; Turkish: χ2 = 2.378, df = 1, p>.05) nor the time-on-task in the CBLE (χ2 = 0.266, df = 1, 
p>.05) significantly contribute to the model.  
Self-assessed proficiency in the home language is positively related to the use of TTS in the 
other language (χ2 = 15.560, df = 1, p<.001), whereas the general background characteristics 
(gender: χ2 = 1.510, df = 1, p>.05; SES: χ2 = 1.540, df = 1, p>.05) and the characteristics related to 
learning achievement (science achievement: χ2 = 0.390, df = 1, p>.05; reading performance in the 
LOI: χ2 = 0.570, df = 1, p>.05) do not make a significant contribution to the model. Finally, the use 
of linguistic resources in the LOI is negatively related to the use of TTS in the other language (χ2 
= 8.577, df = 1, p<.01); the use of linguistic resources in other languages does not play a role for 
the use of bilingual TTS (χ2 = 2.107, df = 1, p>.05).  
The final Model 7 has a better model fit than the two-level null random intercepts model, as 
the difference in deviance between both models is significant (χ2 = 741.907, df = 14, p<.001). The  
 Table 3: Unstandardized regression coefficients and standard errors from the random intercept model (dependent variable: proportion of duration of TTS in OL). 
 Single level Model 0 Model 1 Model 2 Model 3 Model 4 
Fixed part       
Intercept (cons) 18.547(1.220)*** 18.670(2.499)*** 10.388(3.002)*** 9.893(3.160)** 9.857(3.167)** 6.644(3.288)* 
Student level       
Student status E-Validiv 
(ref. cat.: LMa students) 
  12.333(2.706)*** 13.850(3.250)*** 13.828(3.249)*** 21.782(3.645)*** 
OL in E-Validiv       
French    -1.052(3.259) -1.079(3.258) -1.385(3.354) 
Italian    5.787(5.181) 5.861(5.179) 2.606(5.120) 
Polish    -4.862(11.958) -5.005(11.952) -6.952(11.270) 
Spanish    10.192(6.316) 10.106(6.312) 5.203(6.408) 
Turkish    -3.090(4.113) -3.161(4.114) -9.302(4.342)* 
Time-on-task     -0.010(0.016) 0.004(0.016) 
Proficiency HL      7.637(1.743)*** 
Gender (ref. cat.: girl)       
SES       
Linguistic resources LOI       
Linguistic resources OL       
Science achievement LOI       
Reading performance LOI       
       
Random part        
Classroom level σ2u0 
(between) 
 149.089(48.596)** 134.821(44.569)** 120.467(40.900)** 121.824(40.904)** 141.312(46.255)** 
Student level σ2e0 (within) 536.058(39.955)*** 393.856(30.680)*** 373.561(29.086)*** 369.575(28.759)*** 368.902(28.728)*** 313.591(26.415)*** 
       
Model fit       
Deviance (-2LL) 3283.963 3222.156 3201.979 3195.737 3195.382 2728.022 
χ2  61.807 20.177 6.242 0.355 467.36 
df  1 1 5 1 1 
p  *** ***   *** 
Reference model  Single level Model 0 Model 1 Model 2 Model 3 
       
Variance at level 2       
ρ(%) 27.5 26.5 24.6 24.8 31.1 36.2 
*p<.05, **p<.01, ***p<.001 
Note: values in parentheses are standard errors; LMa = language majority; OL = other language; HL = home language 
 
 Table 3 (continued): Unstandardized regression coefficients and standard errors from the random intercept model (dependent variable: proportion of duration of TTS in OL). 
 Model 5 Model 6 Model 7 
Fixed part    
Intercept (cons) 4.858(3.587) 7.078(3.729) 7.543(3.781)* 
Student level    
Student status E-Validiv 
(ref. cat.: LMa students) 
21.116(3.680)*** 18.402(3.998)*** 18.190(4.023)*** 
OL in E-Validiv    
French 0.268(3.358) -0.402(3.337) -0.881(3.412) 
Italian 3.388(5.010) 3.086(4.910) 2.586(4.962) 
Polish -5.070(11.101) -5.940(10.891) -6.067(10.930) 
Spanish 8.077(6.482) 6.425(6.533) 5.790(6.626) 
Turkish -7.562(4.422) -6.515(4.419) -6.938(4.499) 
Time-on-task 0.003(0.017) 0.006(0.017) 0.009(0.017) 
Proficiency HL 7.877(1.727)*** 7.154(1.781)*** 7.133(1.808)*** 
Gender (ref. cat.: girl) 3.198(2.076) 2.702(2.091) 2.639(2.147) 
SES 0.051(0.058) 0.063(0.058) 0.077(0.062) 
Linguistic resources LOI  -3.837(1.266)** -3.782(1.291)** 
Linguistic resources OL  1.637(1.135) 1.711(1.179) 
Science achievement LOI   -0.195(0.312) 
Reading performance LOI   -0.020(0.291) 
    
Random part    
Classroom level σ2u0 
(between) 
168.514(53.618)** 167.145(53.099)** 170.165(54.011)** 
Student level σ2e0 (within) 296.983(25.325)*** 281.903(24.781)*** 283.281(25.048)*** 
    
Model fit    
Deviance (-2LL) 2655.986 2504.187 2480.249 
χ2 72.036 151.799 23.938 
df 2 2 2 
p *** *** *** 
Reference model Model 4 Model 5 Model 6 
    
Variance at level 2    
ρ(%) 36.2 37.2 37.5 
*p<.05, **p<.01, ***p<.001 
Note: values in parentheses are standard errors; LMa = language majority; OL = other language; HL = home language 
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comparison of models and model fit measures for the consecutive models can be found in Table 
3. 
 
6. Discussion and conclusion 
TTS is a promising means to support knowledge acquisition in CBLEs for students in general, 
and language minority students in particular. However, the research on TTS and the 
characteristics related to its adoption is still limited. Therefore, we aimed to explore students’ 
use of bilingual TTS in a CBLE and student characteristics related to this use. 
Language minority students who have access to their home language in the CBLE use TTS 
more in their home language, compared to language majority students for whom the other 
language is a foreign language. This is in line with studies indicating that particularly language 
minority students may get assistance from the access to auditory support, next to on-screen text 
(Adesope & Nesbit, 2012; Kalyuga, 2012). Nevertheless, language minority students still use TTS 
mostly in the LOI, which implies their main focus remains on the content in the LOI. This 
indicates that language minority students appeal to their home language particularly to support 
their learning process in the LOI (Sierens & Van Avermaet, 2014; Van Laere, Agirdag, & van 
Braak, 2016). As they often only use their home language in a spoken way, TTS can assist them 
in overcoming barriers with reading in their home language. Hence, they can get a stronger grip 
on the written content and focus more on meaning. Moreover, the strong focus on the LOI can 
help language minority students to become more highly proficient in literacy in the LOI, as oral 
language development is crucial, next to reading (August & Shanahan, 2006).  
Furthermore, language majority and language minority students who assess themselves as 
less proficient in their home language (respectively Dutch or another language) employ TTS 
more in the LOI, compared to students with a high self-reported proficiency in their home 
language. However, research has already shown that students with a low level of proficiency in a 
certain language indeed benefit from learning with a combination of on-screen text and auditory 
support (Chang et al., 2011; Montali & Lewandowski, 1996; Mueller, 1980), for example to 
compensate for things not understood in written form or vice versa (Adesope & Nesbit, 2012). 
As students with a low self-assessed proficiency in their home language seem to feel less 
confident in applying the auditory support offered to them, special attention should be given to 
this group. According to Proctor and colleagues (2007), some supports in CBLEs need to be 
“pulled” by students while others need to be “pushed” to students. The latter certainly needs to 
be considered for less successful students, as they often not apply the opportunities offered to 
them, even if they would profit from using them (Clarebout, Elen, Johnson, & Shaw, 2002; 
Proctor et al., 2007).  
The access to and use of linguistic resources in the LOI is also related to students’ use of 
bilingual auditory support. Students who read more books and watch more television in Dutch, 
the LOI, apply TTS more in the LOI. As the use of these linguistic resources has shown to 
contribute to vocabulary development (e.g., Leppänen et al., 2005), text comprehension (e.g., 
Guthrie et al., 2001; Webb & Rodgers, 2009), and general knowledge (e.g., Cox & Guthrie, 2001), 
students may feel most confident in applying TTS in the LOI.  
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The other characteristics examined in this study do not seem to lead to a distinct use of the 
bilingual auditory support. For example, reading performance in the LOI does not explain 
differences in use of TTS in the LOI or the other language. Reading books or watching television 
in other languages is neither related to the use of the bilingual auditory support. Although prior 
research has indicated that students with low prior knowledge profit more from audiovisual 
presentations (Leslie et al., 2012; Mayer & Gallini, 1990; Mayer et al., 1995), in this study, high or 
low prior knowledge on science topics does not seem to lead to a distinct use of the auditory 
support in one of both languages. Furthermore, boys and girls approach the bilingual TTS in a 
similar way, just like students with different socioeconomic backgrounds. Moreover, although 
the results indicate differences at classroom level, we were not able to examine these 
differences, due to a too high number of missing values on classroom variables. 
Some considerations can be made for the further development of CBLEs integrating TTS 
technology, and more specifically bilingual auditory support. First, it can be examined whether 
more choice options should be built in CBLEs to accommodate to students’ needs and 
preferences: giving them more degrees of freedom can help them to shape their own learning 
process (Türk & Erçetin, 2014). In the CBLE under study, TTS in either language starts 
automatically from the moment a student enters a new screen. Although the student can pause 
and replay TTS, it is not possible to only listen to a fragment of the on-screen text. Moreover, 
providing options of visual and verbal input so that students have access to multiple 
representations and can request the information they need, can lead to students actively 
selecting and processing the information they prefer (Plass et al., 1998, 2003). Taking into 
account individual differences among learners is crucial for the development of adaptive CBLEs. 
Second, more flexibility should also be considered regarding the speech rate and voice of TTS 
(e.g., Dalton & Proctor, 2007). Letting students control the speech rate so that they can 
accommodate it to their personal needs can improve listening comprehension and thus help in 
constructing meaning (Zhao, 1997). For example, different students who had Turkish available 
in E-Validiv signaled that particularly the speech rate in Turkish was too high. As a result, they 
switched more quickly to the content in the LOI. Finally, students should be assisted by the 
teacher to get to know the possibilities offered in the CBLE and how to use them. By discussing 
together in what way and when different support tools can be appealed to, TTS can be used 
optimally as a true support tool for learning.  
The limitations of this study offer opportunities for future research. First, students assessed 
the proficiency in their home language themselves. We were not able to integrate other more 
performance-based measures for this factor, due to the large linguistic diversity of our sample 
and the lack of standardized tests (cf. Rubin, 1994). Second, future studies using qualitative 
methods (e.g., observations, interviews, think-aloud, stimulated recall) can shed more light on 
what students are attending to and what their motives are to use the auditory bilingual support 
at a certain moment. Third, as classroom differences have been determined, future studies could 
take into consideration classroom aspects, such as the way in which teachers have stimulated 
students to use the functionality of TTS or the extent to which content in E-Validiv is connected 
to the broader classroom practice. Finally, future studies can focus on how the use of the CBLE is 
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related to students’ achievement. However, it will continue to be important to integrate 
measures of students’ use of support tools (Laufer, 2003) and factors related to this use by 
different groups of students, as it cannot be assumed that the integrated support tools in a CBLE 
have a similar impact on every student (Belland & Drake, 2013). This study has contributed to 
this by revealing student characteristics which are related to students’ use of bilingual TTS.  
To conclude, this study advances the understanding of how students from different linguistic 
backgrounds use bilingual TTS in a CBLE. It particularly broadens insights into language 
minority students’ use of TTS in their home language. Embedded support tools are a 
characteristic feature for most CBLEs. The findings from the present study help to further the 
design of effective CBLEs which appeal to students’ personal needs and prepare them to use 
various support tools in a strategic way to serve their own learning goals (Proctor et al., 2007). 
CBLEs like E-Validiv offer a promising pathway to help bridge the achievement gap between 
language minority students and language majority students by offering language minority 
students support in their home language, both in the visual and auditory modality. 
 
 
 
References 
Acha, J. (2009). The effectiveness of multimedia programmes in children’s vocabulary learning. 
British Journal of Educational Technology, 40, 23-31. 
Adesope, O. O., & Nesbit, J. C. (2012). Verbal redundancy in multimedia learning environments: A 
meta-analysis. Journal of Educational Psychology, 104, 250-263. 
August, D., & Shanahan, T. (Eds.). (2006). Developing literacy in second-language learners: Report 
of the National Literacy Panel on language-minority children and youth. Mahwah, NJ: Lawrence 
Erlbaum. 
Baddeley, A. (1992). Working memory. Science, 255, 556-559. 
Belland, B., & Drake, J. (2013). Toward a framework on how affordances and motives can drive 
different uses of scaffolds: Theory, evidence, and design implications. Educational Technology 
Research and Development, 61, 903-925. 
Berliner, D. C. (1990). What’s all the fuss about instructional time? In M. Ben-Peretz & R. 
Bromme (Eds.), The nature of time in schools: Theoretical concepts, practitioner perceptions 
(pp. 3-35). New York, NY: Teachers College Press. 
Bird, S. A., & Williams, J. N. (2002). The effect of bimodal input on implicit and explicit memory: 
An investigation into the benefits of within-language subtitling. Applied Psycholinguistics, 23, 
509-533. 
Brett, P. (1995). Multimedia for listening comprehension: The design of a multimedia-based 
resource for developing listening skills. System, 23, 77-85. 
Brusselmans-Dehairs, C. & Valcke, M. (2004). TIMSS 2003: Grade 4 Vrijgegeven items 
Wetenschappen [TIMSS 2003: Grade 4 Released items Sciences]. Ghent: Department of 
Educational Studies, Ghent University. 
Factors related to the use of bilingual TTS technology 
145 
 
Chandler, P., & Sweller, J. (1991). Cognitive load theory and the format of instruction. Cognition 
and Instruction, 8, 292-332. 
Chandler, P., & Sweller, J. (1992). The split-attention effect as a factor in the design of instruction. 
British Journal of Educational Psychology, 62, 233-246. 
Chang, C.-C., Tseng, K. H., & Tseng, J. S. (2011). Is single or dual channel with different English 
proficiencies better for English listening comprehension, cognitive load and attitude in 
ubiquitous learning environment? Computers & Education, 57, 2313-2321. 
Clarebout, G., & Elen, J. (2006). Tool use in computer-based learning environments: Towards a 
research framework. Computers in Human Behavior, 22, 389-411. 
Clarebout, G., Elen, J., Johnson, W. L., & Shaw, E. (2002). Animated pedagogical agents: An 
opportunity to be grasped? Journal of Educational Multimedia and Hypermedia, 11, 267-286. 
Clark, D. B., Touchman, S., Martinez-Garza, M., Ramirez-Marin, F., & Drews, T. S. (2012). Bilingual 
language supports in online science inquiry environments. Computers & Education, 58, 1207-
1224. 
Cox, K. E., & Guthrie, J. T. (2001). Motivational and cognitive contributions to students’ amount of 
reading. Contemporary Educational Psychology, 26, 116-131. 
Craig, S. D., Gholson, B., & Driscoll, D. M. (2002). Animated pedagogical agents in multimedia 
educational environments: Effects of agent properties, picture features, and redundancy. 
Journal of Educational Psychology, 94, 428-434. 
Cunningham, A. E., & Stanovich, K. E. (1997). Early reading acquisition and its relation to reading 
experience and ability 10 years later. Developmental Psychology, 33, 934-945. 
Dalton, B., Pisha, B., Eagleton, M., Coyne, P., & Deysher, S. (2002). Engaging the text: Strategy 
instruction in a computer-supported reading environment for struggling readers (Final report 
to the U.S. Office of Special Education Programs. Wakefield, MA: CAST. 
Dalton, B., & Proctor, C. P. (2007). Reading as thinking: Integrating strategy instruction in a 
universally designed digital literacy environment. In D. S. McNamara (Ed.), Reading 
comprehension strategies: Theories, interventions, and technologies (pp. 421-439). Mahwah, 
NJ: Lawrence Erlbaum Associates. 
Dalton, B., Proctor, C. P., Uccelli, P., Mo, E., & Snow, C. E. (2011). Designing for diversity: The role 
of reading strategies and interactive vocabulary in a digital reading environment for fifth-
grade monolingual English and bilingual students. Journal of Literacy Research, 43, 68-100. 
Dalton, B., & Strangman, N. (2006). Improving struggling readers’ comprehension through 
scaffolded hypertexts and other computer-based literacy programs. In M. C. McKenna, L. D. 
Labbo, R. D. Kieffer, & D. Reinking (Eds.), International Handbook of Literacy and Technology – 
Volume II (pp. 75-92). Mahwah, NJ: Lawrence Erlbaum Associates. 
Echols, L. D., West, R. W., Stanovich, K. E., & Zehr, K. S. (1996). Using children’s literacy activities 
to predict growth in verbal cognitive skills: A longitudinal investigation. Journal of 
Educational Psychology, 88, 296-304. 
Edwards, V., Monaghan, F., & Knight, J. (2000). Books, pictures and conversations: Using 
bilingual multimedia storybooks to develop language awareness. Language Awareness, 9, 
135-146. 
Chapter 5 
146 
 
Elley, W. B., & Mangubhai, F. (1983). The impact of reading on second language learning. Reading 
Research Quarterly, 19, 53-67. 
Freeman, B. (2012). Using digital technologies to redress inequities for English language 
learners in the English speaking mathematics classroom. Computers & Education, 59, 50-62. 
Ganzeboom, H. B. G., de Graaf, P. M., & Treiman, D. J. (1992). A standard international socio-
economic index of occupational status. Social Science Research, 21, 1-56. 
Giesbers, B., Rienties, B., Tempelaar, D., & Gijselaers, W. (2013). Investigating the relations 
between motivation, tool use, participation, and performance in an e-learning course using 
web-videoconferencing. Computers in Human Behavior, 29, 285-292. 
Goldenberg, C. (2008). Teaching English Language Learners: What the research does – and does 
not – say. American Educator, 32(2), 8-44. 
Guthrie, J. T., Schafer, W. D., & Huang, C.-W. (2001). Benefits of opportunity to read and balanced 
instruction on the NAEP. Journal of Educational Research, 94, 145-162. 
Guthrie, J. T., Wigfield, A., Metsala, J. L., & Cox, K. E. (1999). Motivational and cognitive predictors 
of text comprehension and reading amount. Scientific Studies of Reading, 3, 231-256. 
Jamet, E., & Le Bohec, O. (2007). The effect of redundant text in multimedia instruction. 
Contemporary Educational Psychology, 32, 588-598. 
Juel, C. (1988). Learning to read and write: A longitudinal study of 54 children from first through 
fourth grades. Journal of Educational Psychology, 80, 437-447. 
Kalyuga, S. (2007). Expertise reversal effect and its implications for learner-tailored instruction. 
Educational Psychology Review, 19, 509-539. 
Kalyuga, S. (2012). Instructional benefits of spoken words: A review of cognitive load factors. 
Educational Research Review, 7, 145-159. 
Kalyuga, S., Ayres, P., Chandler, P., & Sweller, J. (2003). The expertise reversal effect. Educational 
Psychologist, 38, 23-31. 
Kalyuga, S., Chandler, P., & Sweller, J. (1999). Managing split-attention and redundancy in 
multimedia instruction. Applied Cognitive Psychology, 13, 351-371. 
Kalyuga, S., Chandler, P., & Sweller, J. (2000). Incorporating learner experience into the design of 
multimedia instruction. Journal of Educational Psychology, 92, 126-136. 
Kalyuga, S., Chandler, P., & Sweller, J. (2004). When redundant on-screen text in multimedia 
technical instruction can interfere with learning. Human Factors, 46, 567-581. 
Kendeou, P., Lynch, J. S., van den Broek, P., Espin, C. A., White, M. J., & Kremer, K. (2005). 
Developing successful readers: Building early comprehension skills through television 
viewing and listening. Early Childhood Education Journal, 33, 91-98. 
Krashen, S. (1989). We acquire vocabulary and spelling by reading: Additional evidence for the 
input hypothesis. The Modern Language Journal, 73, 440-464. 
Laufer, B. (2003). Vocabulary acquisition in a second language: Do learners really acquire most 
vocabulary by reading? Some empirical evidence. The Canadian Modern Language Review, 59, 
567-587. 
Leppänen, U., Aunola, K., & Nurmi, J. E. (2005). Beginning readers’ reading performance and 
reading habits. Journal of Research in Reading, 28, 383-399. 
Factors related to the use of bilingual TTS technology 
147 
 
Leslie, K. C., Low, R., Jin, P., & Sweller, J. (2012). Redundancy and expertise reversal effects when 
using educational technology to learn primary school science. Educational Technology 
Research and Development, 60, 1-13. 
Lewandowski, L. J., & Kobus, D. A. (1993). The effects of redundancy in bimodal word processing. 
Human Performance, 6, 229-239. 
Lundberg, I., & Olofsson, Å. (1993). Can computer speech support reading comprehension? 
Computers in Human Behavior, 9, 283-293. 
Martin, M. O., Mullis, I. V. S., Foy, P., & Stanco, G. M. (2012). TIMSS 2011 International Results in 
Science. Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston College. 
Mayer, R. (2010). Cognitive theory of multimedia learning. In R. Mayer (Ed.), The Cambridge 
Handbook of Multimedia Learning (pp. 31-48). Cambridge: Cambridge University Press. 
Mayer, R. E., & Gallini, J. K. (1990). When is an illustration worth ten thousand words? Journal of 
Educational Psychology, 82, 715-726. 
Mayer, R. E., Heiser, J., & Lonn, V. (2001). Cognitive constraints on multimedia learning: When 
presenting more material results in less understanding. Journal of Educational Psychology, 93, 
187-198. 
Mayer, R. E., & Moreno, R. (1998). A split-attention effect in multimedia learning: Evidence for 
dual processing systems in working memory. Journal of Educational Psychology, 90, 312-320. 
Mayer, R. E., Steinhoff, K., Bower, G., & Mars, R. (1995). A generative theory of textbook design: 
Using annotated illustrations to foster meaningful learning of science text. Educatinoal 
Technology Research and Development, 43, 31-43. 
Montali, J., & Lewandowski, L. (1996). Bimodal reading: Benefits of a talking computer for 
average and less skilled readers. Journal of Learning Disabilities, 29, 271-279. 
Moreno, R. (2006). Does the modality principle hold for different media? A test of the method-
affects-learning hypothesis. Journal of Computer Assisted Learning, 22, 149-158. 
Moreno, R., & Mayer, R. E. (1999). Cognitive principles of multimedia learning: The role of 
modality and contiguity. Journal of Educational Psychology, 91, 358-368. 
Moreno, R., & Mayer, R. E. (2002). Verbal redundancy in multimedia learning: When reading 
helps listening. Journal of Educational Psychology, 94, 156-163. 
Moreno, R., & Mayer, R. (2007). Interactive multimodal learning environments. Educational 
Psychology Review, 19, 309-326. 
Mousavi, S. Y., Low, R., & Sweller, J. (1995). Reducing cognitive load by mixing auditory and 
visual presentation modes. Journal of Educational Psychology, 87, 319-334. 
Moussa-Inaty, J., Ayres, P., & Sweller, J. (2012). Improving listening skills in English as a foreign 
language by reading rather than listening: A cognitive load perspective. Applied Cognitive 
Psychology, 26, 391-402. 
Mueller, G. A. (1980). Visual contextual cues and listening comprehension: An experiment. The 
Modern Language Journal, 64, 335-340. 
Organisation for Economic Co-operation and Development (OECD). (2010). PISA 2009 Results: 
Overcoming social background – Equity in learning opportunities and outcomes (Volume II). 
Paris: OECD. 
Chapter 5 
148 
 
Pastore, R. (2012). The effects of time-compressed instruction and redundancy on learning and 
learners’ perceptions of cognitive load. Computers & Education, 58, 641-651. 
Plass, J. L., Chun, D. M., Mayer, R. E., & Leutner, D. (1998). Supporting visual and verbal learning 
preferences in a second-language multimedia learning environment. Journal of Educational 
Psychology, 90, 25-36. 
Plass, J. L., Chun, D. M., Mayer, R. E., & Leutner, D. (2003). Cognitive load in reading a foreign 
language text with multimedia aids and the influence of verbal and spatial abilities. 
Computers in Human Behavior, 19, 221-243. 
Porter, D., & Roberts, J. (1981). Authentic listening activities. ELT Journal, 36, 37-47. 
Proctor, C. P., Dalton, B., & Grisham, D. L. (2007). Scaffolding English Language Learners and 
struggling readers in a universal literacy environment with embedded strategy instruction 
and vocabulary support. Journal of Literacy research, 39, 71-93. 
Ritzhaupt, A. D., Gomes, N. D., & Barron, A. E. (2008). The effects of time-compressed audio and 
verbal redundancy on learner performance and satisfaction. Computers in Human Behavior, 
24, 2434-2445. 
Ritzhaupt, A. D., Pastore, R., & Davis, R. (2015). Effects of captions and time-compressed video on 
learner performance and satisfaction. Computers in Human Behavior, 45, 222-227. 
Rubin, J. (1994). A review of second language listening comprehension research. The Modern 
Language Journal, 78, 199-221. 
Sénéchal, M., & LeFevre, J.-A. (2002). Parental involvement in the development of children’s 
reading skill: A five-year longitudinal study. Child Development, 73, 445-460. 
Seright, L. (1985). Age and aural comprehension achievement in francophone adults learning 
English. TESOL Quarterly, 19, 455-473. 
Sierens, S., & Van Avermaet, P. (2014). Language diversity in education: Evolving from 
multilingual education to functional multilingual learning. In D. Little, C. Leung & P. Van 
Avermaet (Eds.), Managing diversity in education: languages, policies, pedagogies (pp. 204-
222). Bristol, UK: Multilingual Matters. 
Snow, C. E. (1990). Rationales for native language instruction: Evidence from research. In A. M. 
Padilla, H. H. Fairchild & C. M. Valadez (Eds.), Bilingual education: Issues and strategies (pp. 
60-74). Newbury Park, CA: Sage. 
Sombatteera, S. & Kalyuga, S. (2012). When dual sensory mode with limited text presentation 
enhance learning. Procedia – Social and Behavioral Sciences, 69, 2022-2026. 
Staphorsius, G., & Krom, R. S. H. (1998). Toetsen Begrijpend Lezen. Handleiding [Tests Reading 
Achievement: Manual]. Arnhem: Citogroep. 
Sweller, J. (2010). Implications of cognitive load theory for multimedia learning. In R. E. Mayer 
(Ed.), The Cambridge Handbook of Multimedia Learning (pp. 19-30). Cambridge: Cambridge 
University Press. 
Sweller, J., van Merriënboer, J. J. G., & Paas, F. G. W. C. (1998). Cognitive architecture and 
instructional design. Educational Psychology Review, 10, 251-296. 
Factors related to the use of bilingual TTS technology 
149 
 
Türk, E., & Erçetin, G. (2014). Effects of interactive versus simultaneous display of multimedia 
glosses on L2 reading comprehension and incidental vocabulary learning. Computer Assisted 
Language Learning, 27, 1-25. 
Van den Broek, G. S. E., Segers, E., & Verhoeven, L. (2014). Effects of text modality in multimedia 
presentations on written and oral performance. Journal of Computer Assisted Learning, 30, 
438-449. 
van Gog, T. (2013). Time on task. In J. Hattie & E. M. Anderman, International Guide to Student 
Achievement (pp. 432-433). New York, NY: Routledge. 
Van Laere, E., Aesaert, K., & van Braak, J. (2014). The role of students' home language in science 
achievement : A multilevel approach. International Journal of Science Education, 36, 2772-
2794. 
Van Laere, E., Agirdag, O., & van Braak, J. (2016). Supporting science learning in linguistically 
diverse classrooms: Factors related to the use of bilingual content in a computer-based 
learning environment. Computers in Human Behavior, 57, 428-441. 
van Merriënboer, J. J. G., & Sweller, J. (2005). Cognitive load theory and complex learning: Recent 
developments and future directions. Educational Psychology Review, 17, 147-177. 
Vandergrift, L. (2007). Recent developments in second and foreign language listening 
comprehension research. Language Teaching, 40, 191-210. 
Verhoeven, L. T. (1990). Acquisition of reading in a second language. Reading Research Quarterly, 
25, 90-114. 
Wald, M. (2008). Learning through multimedia: Speech recognition enhancing accessibility and 
interaction. Journal of Educational Multimedia and Hypermedia, 17, 215-233. 
Webb, S., & Rodgers, M. P. H. (2009). Vocabulary demands of television programs. Language 
Learning, 59, 335-366. 
Whitehurst, G. J., & Lonigan, C. J. (1998). Child development and emergent literacy. Child 
Development, 69, 848-872. 
Witteman, M. J., & Segers, E. (2010). The modality effect tested in children in a user-paced 
multimedia environment. Journal of Computer Assisted Learning, 26, 132-142. 
Yang, H.-Y. (2014). Does multimedia support individual differences? – EFL learners’ listening 
comprehension and cognitive load. Australasian Journal of Educational Technology, 30, 699-
713. 
Zhao, Y. (1997). The effects of listeners’ control of speech rate on second language 
comprehension. Applied Linguistics, 18, 49-68. 
 
  
 
 151 
 
 
 
 
 
6 
 
 
What can technology offer to 
linguistically diverse classrooms? 
Using multilingual content in a 
computer-based learning environment 
for primary education 
 
 
 
 
 
 
This chapter is based on: 
 
Van Laere, E., Rosiers, K., Van Avermaet, P., Slembrouck, S., & van Braak, J. 
(2015). What can technology offer to linguistically diverse classrooms? Using 
multilingual content in a computer-based learning environment for primary 
education. Manuscript submitted for publication in Journal of Multilingual 
and Multicultural Development. 
  
Using multilingual content in a CBLE 
153 
 
 
Chapter 6 
What can technology offer to linguistically diverse 
classrooms? Using multilingual content in a 
computer-based learning environment for primary education 
 
 
Abstract 
Computer-based learning environments (CBLEs) have the potential to integrate the linguistic 
diversity present in classrooms as a resourceful tool in students’ learning process. Particularly for 
students who speak a language at home other than the language which is used at school, more 
understanding is needed on how CBLEs offering multilingual content can assist them. With this 
study, we aim to gain insight into the way students interact with a CBLE which provides support in 
their home language through different digital tools. Therefore, E-Validiv was developed, a CBLE 
offering multilingual content, namely in the language of instruction and students’ home language. 
Six fifth-grade students were videotaped while working on E-Validiv and their activities were 
logged. Afterwards, they were interviewed by means of stimulated recall on the way they had used 
the CBLE and the related digital tools. The results show that the students functionally use their 
home language to support learning. Students interact with the multilingual CBLE through different 
digital tools to improve understanding of content and words, thereby realizing meaningful 
learning. The study also identifies barriers which may hinder students to use the multilingual 
content in an optimal way. 
 
1. Introduction 
As a result of globalization and migration flows, multilingualism has become the rule rather than 
the exception in most societies around the world. This has resulted in a considerable cultural 
and linguistic diversity in all parts of society, including education (Vertovec, 2007). As a 
consequence, students enter school with a varied linguistic repertoire: whereas many children 
speak the same language at home as the language of instruction (LOI3), an increasing group of 
children grows up using mainly a different language at home4. 
                                           
3 The LOI refers to the language used for instruction at school; in this study, the LOI is Dutch. 
4 While our study forms part of a wider project investigating the potential of positively addressing 
multilingual resources in a classroom environment, it is more specifically driven by considerations of how 
learners' home environments connect to the school environment. Hence, our choice is to focus on ‘home 
language use’ in the classroom, a term placed in opposition to ‘language of instruction’ (i.e., Dutch). The 
category of the ’home language’ in practice often overlaps with that of ‘first language (L1)’ or ‘mother 
tongue’, but a more careful delineation of terms is being suggested, as the term ‘home language’ primarily 
refers to the language(s) used by the students at home. 
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Despite increasing linguistic diversity in schools, policymakers in different countries still 
adhere to a monolingual educational policy. This encompasses the immersion in the LOI for 
students with another home language: they need to learn the LOI while at the same time 
acquiring knowledge and skills in the LOI, without any reference to the competence they have 
already built up in their home language (Goldenberg, 2008). To justify this approach, 
policymakers often point to the difference in home language as one of the key factors behind the 
achievement gap between students who use the LOI at home and those who do not (Pulinx, 
Agirdag, & Van Avermaet, 2014). Particularly students using another language at home are 
considered to face more difficulties in attaining a sufficient achievement level (OECD, 2010). 
Other relevant factors, such as socioeconomic background and marginalized group status due to 
social discrimination in wider society, are not taken into account to explain this achievement gap 
(Cummins, Hu, Markus, & Montero, 2015). 
In line with the monolingual policy, teachers put forward different arguments to exclude 
other languages than the LOI from their classroom. First, as much time as possible should be 
dedicated to the LOI to guarantee equal opportunities, as teachers believe that students who 
speak another language at home only come into contact with the LOI in school (Pulinx et al., 
2014). Second, a high level of proficiency in the LOI is deemed necessary to fully participate in 
education, the labour market, and society in general (Lanauze & Snow, 1989). Third, teachers 
are afraid to lose control over their classroom practice should students use other languages than 
the LOI (Van den Branden & Verhelst, 2011). As such, having a home language other than the LOI 
is generally problematized as an obstacle for a successful school career (Pulinx et al., 2014) and 
its use is regularly even prohibited in school (Sierens & Van Avermaet, 2014). Consequently, 
students with another home language miss out on chances to foster their learning process 
through support in their home language.  
A more promising approach to deal with the linguistic diversity present at schools is to 
realize functional multilingual learning by addressing every student’s linguistic repertoire as a 
resource for knowledge acquisition (Sierens & Van Avermaet, 2014). Particularly the integration 
of students’ home language in the learning process can be an effective way to tackle the 
achievement gap (Jiménez, García, & Pearson, 1996). As Sierens and Van Avermaet (2014, p. 
217) put it, the home language can “serve as a stepping stone to the acquisition of the second 
language and the learning of new content”. Yet, due to the variety of languages present in the 
classroom, teachers do not always have the necessary tools and expertise available to appeal to 
every student’s home language (Helot & Young, 2002). This is where developments in 
educational technology, and particularly in computer-based learning environments (CBLEs), can 
offer new possibilities. It has not only been proven that they can function as a powerful means to 
acquire complex knowledge and skills (Lajoie & Azevedo, 2006); they can also integrate 
authentic language support in the home language (Clark, Touchman, Martinez-Garza, Ramirez-
Marin, & Drews, 2012). However, research on the use of CBLEs giving support in students’ home 
language is still scarce. 
In this study, we present a CBLE which offers multilingual content on science topics in 
primary education. Students with a home language other than the LOI can access the 
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information both in the LOI and their home language. The overall aim of this study is to gain 
insight into the way students interact with the CBLE. In the following section, we will argue why 
the home language can be introduced as a support tool in the learning process and elaborate on 
the value of CBLEs to realize this. 
 
2. The home language as a support tool for learning in a CBLE 
As language is one of the main symbolic tools to give meaning to the surrounding world, 
students’ home language can function as a resource to regulate cognitive processes and to 
mediate their learning process in the LOI (Lantolf, 2000; Vygotsky, 1978). This is in line with the 
linguistic interdependence hypothesis (Cummins, 2000), according to which a high level of 
competence in one language (in this case the home language) can support the development of 
another language (in this case the LOI), and vice versa.  
Research has already shown that a student’s home language, and the transfer it enables with 
the LOI, can act as a powerful tool for learning. First, the home language can support the 
construction of meaning in the LOI through transfer of conceptual knowledge (e.g., Kenner, 
Gregory, Ruby, & Al-Azami, 2008). The use of the home language also enables students to access 
curriculum content more easily, for example to clarify words and task demands (Littlewood & 
Yu, 2011). Moreover, it can reduce cognitive overload in their working memory when they 
struggle to understand complex subject matter in the LOI (Scott & de la Fuente, 2008). Thus, the 
access to their home language can allow them to work at a higher cognitive level than what 
would be possible if they could only access the LOI (Storch & Wigglesworth, 2003).  
Nevertheless, various barriers can hinder students to consider their home language as a 
useful tool for learning. First, they need to have sufficient access to content-area material in both 
the LOI and their home language for transfer to occur (Jiménez et al., 1996). Second, if students 
estimate that the proficiency in their home language is weak, it may also impede its use as a 
resource (Jiménez, García, & Pearson, 1995). Related to this, the broader sociolinguistic context 
and the attitudes towards languages may also have a considerable influence on how students 
perceive their home language (Ferguson, 2003). For example in the Dutch context, Goriot, 
Denessen, Bakker, and Droop (2015) found that students with Turkish as their home language 
perceive this language to be less appreciated by their teachers than students with German as 
their home language. Furthermore, the monolingual approach in schools may become 
internalized by students, making them unaware of appealing to their home language in the 
learning process (Gort, 2012). For example, in the study of Kenner and colleagues (2008), 
students indicated that they experience constraints to speak their home language inside the 
school because they are not used to it and consider the LOI as the only suitable language.  
Moreover, it remains a great challenge for teachers to actively and purposively appeal to 
students’ multilingualism in a way that it can foster their learning process. CBLEs can offer a 
possible solution, as they can support students’ learning process through authentic support in 
their home language and counterbalance the experienced barriers, without teachers having to 
speak all their students’ languages. There are already some valuable examples of CBLEs which 
aim to foster students’ knowledge acquisition through the inclusion of support in their home 
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language. For example, HELP Math, a CBLE on mathematics for English Language Learners, 
offers digital tools in Spanish through hyperlinks with definitions, summaries of the content of a 
page, and a bilingual dictionary (e.g., Freeman, 2012). The Universal Literacy Environment 
provides Spanish translations of English texts, a bilingual pedagogical agent, and text-to-speech 
in both languages (e.g., Dalton & Proctor, 2007). In the Wolves project, Clark and colleagues 
(2012) found that students with another home language who could switch between the content 
in the LOI (i.e., English) and their home language (i.e., Spanish) profit from having access to both 
languages. They develop a greater understanding of the content in the LOI than those who only 
have the LOI available.  
In sum, the integration of the home language in the daily classroom practice through CBLEs 
has the potential to facilitate classroom activities and to foster high-level educational 
achievement. However, there are different gaps in the research on the integration of home 
language support in CBLEs. The majority of this research is situated in the United States, with a 
strong focus on Spanish-English bilinguals (Dalton, Proctor, Uccelli, Mo, & Snow, 2011). More 
CBLEs should be developed which appeal to a variety of languages (Clark et al., 2012). Moreover, 
the aforementioned studies mostly take into account a range of tools, which makes it impossible 
to determine the added value of tools which are focused on giving support in the home language. 
 
3. Aim of the study 
This study aims to gain insight into the way students with a home language other than the LOI 
functionally interact with a CBLE that offers them support in their home language through 
different digital tools. Furthermore, we consider whether students experience barriers 
hindering them from appealing to their home language as a resource. We join both quantitative 
and qualitative data from respectively logfiles on students’ activity in a multilingual CBLE with 
interviews on how they interact with the CBLE.  
 
4. Method 
4.1 Language in Flanders (Belgium) 
This study is part of the Validiv-project, an educational research project aimed at ‘Valorizing 
Linguistic Diversity’ in primary education in Flanders and Brussels. Language is the main 
explaining factor for the division in the Dutch-, French- and German-speaking Community; 
Brussels is officially bilingual French-Dutch. As the communities are responsible for education, 
the official language of the community is also the LOI in the schools situated within that 
community. Brussels schools are either regulated by the French-speaking or Dutch-speaking 
Community. Many Flemish policymakers share the opinion that Dutch should be protected 
against inter- and intralinguistic variation, resulting in a restrictive policy towards other 
languages and varieties of Dutch (De Caluwe, 2012). Therefore, monolingual educational policies 
are the norm in Dutch-speaking schools, with the exception of a number of isolated projects (e.g., 
Ghent Home-Language-in-Education project, Slembrouck, Van Avermaet, & Van Gorp, in press). 
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Hence, when children with a home language other than Dutch enter school, the focus almost 
exclusively lies on learning in and through Dutch, without any appeal to their home language.  
In our study, we focus on two schools belonging to the Dutch-speaking community, one in 
Ghent and one in Brussels. Three criteria were used to select the schools. First, the schools had 
to be situated in a diverse societal context. Second, this high diversity had to be reflected in the 
school population. Third, both schools needed to adhere to a different educational language 
policy.  
Although Dutch is the locally dominant language in Ghent, the city is characterized by a large 
diversity: 29% of the citizens are of foreign descent, 156 nationalities live together, and 30% of 
the students in primary education have a home language other than Dutch (Agency for Internal 
Administration, 2015). In the selected classroom, there is considerable linguistic diversity 
among the students (e.g., Turkish, Spanish, Arabic), with more than half of the students speaking 
Turkish at home. The school formerly participated in a project which focused on integrating 
students’ home language in the classroom practice (Slembrouck et al., in press). Accordingly, 
teachers generally harbour a positive attitude towards linguistic diversity in their school and 
strive to functionally apply all students’ home languages in the classroom practice (Rosiers, 
2015).  
The locally dominant language in Brussels is French; Dutch is less used in public life, with the 
exception of education, amongst a few other domains (Janssens, 2008). In Brussels schools 
belonging to the Dutch-speaking Community, only Dutch is allowed. In Sint-Gillis, the Brussels 
area in which the selected school is located, 48% of the inhabitants have another nationality, 149 
nationalities are present, and 73% of the children in primary education have a home language 
other than Dutch (Agency for Internal Administration, 2015). The home language of all students 
in the Brussels classroom is French or French in combination with another language (e.g., 
Arabic, Spanish, Dutch). The Brussels school has a restrictive policy towards the use of other 
languages than the LOI. Teachers from the Brussels school indicate less favorable attitudes 
towards linguistic diversity compared to teachers of the Ghent school (Rosiers, 2015).  
 
4.2 The CBLE E-Validiv 
E-Validiv is a multilingual CBLE, developed as part of the Validiv-project for fourth- and fifth-
grade students (age: 9 to 11 years). It covers 8 different themes, which are further refined in 
various subthemes dealing with science (e.g., nature, environment, health). A unique feature of 
E-Validiv is that its content is made available in seven different languages: students have access 
to the LOI (i.e., Dutch) and one of six other languages (i.e., English, French, Italian, Polish, Spanish 
or Turkish). For example, a Spanish-speaking student will have the content in E-Validiv available 
in Dutch and Spanish. For students speaking the LOI at home and for students not having their 
home language available in E-Validiv, the other language is set to French or English.  
As can be seen in Figure 1, students have a combination of different digital tools available in 
E-Validiv. First, a language switch button allows students to switch between the LOI and the 
other language, thereby giving access to exactly the same content in both languages. This activity 
of switching between screens entails a basic form of code-switching or “the systematic 
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alternating use of two languages or language varieties within a single conversation or utterance” 
(Liebscher & Dailey-O’Cain, 2005, p. 235).  
Second, E-Validiv is multimodal (Kress, Jewitt, Ogborn, & Tsatsarelis, 2001): next to a visual 
modality (i.e., on-screen text and pictures), an auditory modality (i.e., spoken words) is available 
in the form of text-to-speech. This multimodality offers students the possibility to listen to a 
digital voice reading the written text aloud. Every time a student enters a new screen, text-to-
speech starts automatically; it can also be paused or replayed. The combined presentation of 
visual and auditory text can help to access content more easily (Dalton & Strangman, 2006). 
Moreover, text-to-speech can support students who are accustomed to use their home language 
only in an auditory way.  
Third, by means of a digital notebook, students can select main ideas from the text and write 
them down in the language they choose. This can help them to process the content more actively 
and deeply (Mayer, 2010). Support tools encouraging notetaking help students to structure 
information and foster self-regulation (Devolder, van Braak, & Tondeur, 2012), which can lead to 
meaningful learning (Mayer & Moreno, 2003).  
 
4.3 Participants and procedure 
Six fifth-grade students participated in the study. Table 1 gives more information on their 
background. The participants’ names are pseudonyms. Three students from each school were 
selected on the basis of the following selection criteria: students had to speak a language other 
than the LOI at home and the other language available to them in E-Validiv had to match their 
home language. The study was pursued for a variety of home languages. 
 
Table 1. Overview of background characteristics of participants. 
 Soraya Jorge Arnaud Hayat Yasmine Fidanka 
School Brussels Brussels Brussels Ghent Ghent Ghent 
Gender girl boy boy girl girl girl 
Ethnicity Morocco Ecuador France Turkey Dominican 
Republic 
Bulgaria 
Home language(s) used in 
the family context 
French 
Arabic 
Spanish 
French 
French 
Dutch 
Turkish 
Dutch 
Spanish 
 
Turkish 
Bulgarian 
Dutch 
Home language available 
in E-Validiv 
French Spanish French Turkish Spanish Turkish 
Self-assessed proficiency 
in the LOI 
(max. score = 5) 
4.25 3.5 5 4 4 4.5 
Self-assessed proficiency 
in the home language 
(max. score = 5) 
4 3.5 5 5 3 3.5 
  
 
 
      
 
Figure 1: Screenshot of a subtheme’s screen with overview of digital tools. 
 
 
 
Language switch button 
Text-to-speech 
Digital notebook 
Switching between pages by means of 
language switch button 
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The data collection took place in two phases. During a regular classroom period of 50 
minutes, the researchers gave a brief introduction, after which the students worked individually 
on the same subtheme (phase 1). As they had already used E-Validiv in the former school year, 
they were familiar with the main goal, namely to go through a subtheme for learning about 
science content. The researchers emphasized these guidelines at the beginning of the session 
and students acted upon these during the session. The subtheme consisted of 5 screens with 
introductory questions, 8 screens of content to be acquired, 18 screens with exercises on this 
content and 5 screens with concluding question. The reading level of the content was fit to 
students of upper primary grades. Their actions were filmed with a camera and simultaneously 
saved in logfiles through a system running in the background of E-Validiv. Students’ use of the 
digital tools was analyzed by means of the logfiles to gain a detailed overview of their activities. 
Logfiles from previous activities in E-Validiv were also retrieved to determine possible 
differences with the activity examined in the present study.  
Immediately after the completion of the subtheme, the students were separately interviewed 
by two researchers during approximately 25 minutes by means of stimulated recall (phase 2). 
Hence, insight could be gained in the reasoning behind their use of the digital tools through 
letting them recall their actions with the video recording of the first phase. During the playback, 
one researcher asked what the student was doing, why he/she was performing a certain action 
or what he/she was thinking at a particular moment. Both the student and the researcher could 
pause the video to elaborate on the student’s answer. The focus was particularly on activities in 
which the language switch button had been used, the related time spent in both languages, text-
to-speech and the notebook. The interviews were transcribed and coded in Nvivo, with codes 
assigned to different utterances. We coded in different steps, based on principles of Grounded 
Theory: a first phase consisted of an open and cyclic coding, both on paper and in Nvivo. In a 
second axial coding phase, codes were related to each other (Glaser & Strauss, 1967). 
 
5. Results 
We will first give an overview of the way the students used the digital tools in E-Validiv prior to 
this study. Next, we will elaborate on the way the students interact with the CBLE through the 
use of the language switch button, text-to-speech, and the notebook within the context of one 
subtheme, which is the focus of this study. Table 2 gives an overview of the use of the different 
digital tools by the students in the subtheme under study.  
 
5.1 Use of E-Validiv prior to this study 
In their work on previous subthemes, most of the students spent between 64% and 99% of their 
time in the LOI. A similar picture can be found for the use of text-to-speech. However, Hayat is an 
exception to this. She spent 72% of the time in her home language and only 28% in the LOI. With 
regard to the language switch button, the students in the Brussels classroom mostly used it to go 
to the LOI (between 61% and 73% of the times). In the Ghent classroom, the use was more 
varied. Whereas both Yasmine and Hayat relied on this tool almost equally to switch to their 
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home language or the LOI, Fidanka only used it to go to the LOI. Every student worked with the 
notebook. Whereas most of the students only applied the LOI in the notebook, Jorge and Hayat 
also made notes in their home language. 
5.2 Use of language switch button and related time 
dedicated to content in both languages 
The majority of the students apply the language switch button to go to the content in both their 
home language and the LOI. Most students use the language switch button between 20% and 
47% of the times to have a look at the content in their home language. An exception is Hayat, 
who only uses the language switch button to go to the content in the LOI. The use of the language 
switch button is very dependent on the student: the number of switches ranges from two for 
Hayat to 17 for Jorge. The time dedicated to the content in both languages is related to the use of 
the language switch button. All students distribute their time in a similar way: they focus 
between 89% and 99% of their time on content in the LOI while they only spend between 1% 
and 11% of their time on content in their home language.  
The students indicate the usefulness to switch to the home language mainly to understand 
specific words (example 1). However, students also report on the inverse functionality of the 
language switch button: they switch to the LOI to gain a better understanding of the content 
(example 2) and of certain words (example 3). Moreover, some students state that they are not 
proficient enough in their home language and that it is easier to understand the content in the 
LOI (example 4).  
 
Example 1: switch to home language to understand words 
Fidanka:  Now it is in Turkish, but when I cannot translate certain words I go 
immediately to Dutch. 
Interviewer:  So it is only for words that you do not understand that you return to 
Turkish? 
Fidanka:  Yes. 
 
Example 2: switch to LOI to understand content 
Interviewer:  So here you switched to Dutch. 
Soraya:  Yes, there I did it in Dutch, I understood more, so then I estimated 
Belgium is divided in two big parts, Flanders and Wallonia (…). 
 
Example 3: switch to LOI to understand words 
Soraya:  I first read it in French, no, I read the questions and I did not understand 
well… So I did it in Dutch, then I understood more. 
Interviewer:  And why do you think that you did not understand so well in French? 
Soraya:  Because there are many words that I do not understand so well… In Dutch 
it is the same but I understand more words in Dutch than in French. 
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Example 4: switch to LOI due to assumed weak proficiency in home language 
Interviewer: Do you use the language switch button a lot? 
Hayat: No. 
Interviewer: And why not? 
Hayat: I do not understand Turkish a lot sometimes. 
 
Students have difficulties with words in Dutch associated with academic language use. Some 
students find it hard to understand the word ‘situeren’ (to locate); other students indicate 
problems with ‘evenaar’ (equator). Through the use of the language switch button and the 
access it provides to their home language, both Yasmine and Fidanka attain a learning gain as 
they come to understand ‘situeren’ (example 5). However, for the word ‘evenaar’, Jorge does not 
understand what it means in Spanish either; Arnaud indicates that he did not try to use the 
language switch button. This unawareness of the possible support offered by the language 
switch button is also apparent in the interview with Hayat. She asks the researchers to explain 
‘situeren’; she did not realize that she could access the word in her home language and resolve 
the incomprehension problem while working on E-Validiv (example 6). Although students use 
the language switch button, they also report difficulties in understanding content both in the LOI 
and in their home language (example 7).  
 
Example 5: learning gain thanks to language switch button 
Yasmine: A certain word… Miss, the last one, Miss, I did not understand. 
Interviewer: ‘To locate’. And when you switched to Spanish, you knew? 
Yasmine: Yes, Miss, then I understood. 
 
Example 6: unawareness of possible support offered by the language switch button 
Hayat: What does ‘to locate’ actually mean? 
Interviewer: ‘To locate’… Have you looked at it in Turkish or…? 
Hayat:  No… 
Interviewer:  And have you thought about looking at it in Turkish? 
Hayat: Hmm, no. 
 
Example 7: difficulties to understand in both LOI and home language 
Jorge: Then I did it in Spanish and then Dutch. 
Interviewer: And why did you switch to Spanish? 
Jorge: Because I did not understand, so I do it like this and then in Dutch, again 
not understood, but then I understand nothing, and neither in Spanish, so 
I do it again in Dutch. 
 
Using multilingual content in a CBLE 
163 
 
5.3 Use of text-to-speech 
All students use the text-to-speech function between 85% and 100% of the time in the LOI. 
Hence, the use of the auditory modality in the home language is very limited. This can be linked 
to the rather restricted amount of time students dedicate to the content in their home language.  
Students report that they tend to use text-to-speech to improve understanding (example 8). 
Some also state that it is easier to listen than to read (example 9). As students are mostly not 
familiar with the written form of their home language, they indicate that the spoken version of 
the text is helpful (example 10). Nevertheless, personal preferences also play a role: some 
students prefer to listen, others favour reading.  
 
Example 8: to improve understanding 
Interviewer: And here you have the voice again. 
Hayat: I wanted to listen to it again because I hadn’t understood. 
 
Example 9: easier to listen 
Interviewer: And why do you think that you succeeded then? 
Hayat: Then I did not have to read: I just follow the lady [= voice of text-to-
speech] who says it. 
 
Example 10: support through spoken home language 
Interviewer: What do you think when you suddenly see a text in Turkish? 
Hayat: I cannot read it and I, at the mosque, they give a text I have to read but I 
cannot read it so I pass it on to someone else to read. 
Interviewer: And do you think it would help you more if you could also listen to the 
lady [= voice of text-to-speech]? 
Hayat: Yes. 
 
Four of the six interviewed students also experience difficulties with understanding because 
of the pace of text-to-speech: due to the high speed of the voice in the home language, they 
sometimes quit text-to-speech in their home language.  
 
5.4 Use of the digital notebook 
All students make use of the notebook. The number of characters written in the notebook ranges 
from 133 to 2499. None of the students collect notes in their home language. This contrasts with 
the observation that Jorge and Hayat did use their home language to take notes in previous 
subthemes (see section 5.1).  
The students use the notebook to write down important content (example 11); they also take 
notes when complex (example 12) or new information (example 13) is presented. Furthermore, 
they comment on the added value of the notebook to help performing exercises (example 14) 
and to remember content (example 15).  
Chapter 6 
 
164 
 
Example 11: to emphasize important content 
Interviewer: Why did you write down all of that in your notebook? 
Arnaud: Because I think that is very important and, euhm, so I know what there is, 
and euhm, I did not know there were 589 municipalities. 
 
Example 12: to indicate complex content 
Yasmine: Those are mostly things that I forget rapidly, Miss, which are difficult to 
remember because the things which are, euhm, less difficult to remember, 
I do not write them down. 
 
Example 13: to point out new content 
Yasmine: Those are the things I have not yet learned. 
 
Example 14: to help performing exercises 
Fidanka I also wrote in my notebook. 
Interviewer: And why did you write that down, do you remember? 
Fidanka: Because that can help me with some exercises. 
 
Example 15: to remember content 
Interviewer: Here you wrote something down, euhm, in your notebook? 
Hayat: Yes. 
Interviewer: And why did you do that? 
Hayat: To remember better. 
 
5.5 Possible barriers to consider the home language as a resource 
The students give indications that may explain possible obstacles to appeal to their home 
language. First, they are very aware of the context they are part of, namely a school in which 
mastery of the LOI is strongly emphasized (example 16). Second, they believe that they are not 
proficient enough in their home language and that it is easier to understand the content in the 
LOI (example 17). This is also reflected in the score they give for their proficiency in both their 
home language and the LOI: half of the students report a higher proficiency for the LOI (see 
Table 1).  
 
Example 16: perception of context 
Soraya: I can talk French and, euhm, understand… And speak also… But when we 
are in a Dutch school, I understand much more in Dutch than in French. 
 
Example 17: self-reported proficiency in LOI and home language 
Yasmine: I am here already for a long time, Miss, and then, actually I can Dutch 
better than Spanish, Miss, I am already used to that. 
 
 Table 2: Overview of the use of the digital tools by the students, as derived from the logging. 
 Soraya Jorge Arnaud Hayat Yasmine Fidanka 
 absolute % absolute % absolute % absolute % absolute % absolute % 
Use LSB (number of times)             
to go to OL 1 33 8 47 1 20 0 0 2 40 3 30 
to go to LOI 2 67 9 53 4 80 2 100 3 60 7 70 
Duration (minutes)             
in OL 1.75 5 2.90 11 0.55 2 0.20 1 2.00 7 2.38 7 
in LOI 33.18 95 24.47 89 34.22 98 34.95 99 28.30 93 33.52 93 
TTS (minutes)             
in OL 1.33 12 1.80 15 0.08 1 0 0 1.75 13 1.67 8 
in LOI 9.73 88 10.33 85 9.98 99 10.48 100 11.52 87 20.13 92 
Notebook             
used? yes - yes - yes - yes - yes - yes - 
OL used? no - no - no - no - no - no - 
number of characters 316 - 923 - 267 - 418 - 2499 - 133 - 
             
Note: LSB = language switch button; LOI = language of instruction; OL = other language; TTS = text-to-speech 
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6. Discussion 
In light of the strong cultural and linguistic diversity present in today’s classrooms, it is crucial to 
find more effective ways to deal with the achievement gap between students who speak the LOI 
at home and students who use other languages at home (OECD, 2010). A promising pathway is 
to integrate these students’ home languages into the learning process by means of educational 
technology, and more specifically CBLEs. The purpose of this study was to examine the 
functional interaction between students with a home language other than the LOI and the CBLE 
E-Validiv, which offers multilingual support through different digital tools.  
The students dedicate most of their time on E-Validiv in the LOI. They also appeal to the 
content offered in their home language, but only to a limited extent. Hence, the language switch 
button to go from the LOI to the home language is only occasionally used. However, students do 
not need to switch frequently: even one switch can make a considerable difference to 
understand content. This is also confirmed by the findings from the students’ interviews, which 
show that students particularly switch from the LOI to their home language to understand 
difficult words. According to Ferguson (2003), this is a useful way to code-switch, as students 
intentionally search for a certain word instead of repeating the same content in their home 
language. The language switch button is also used in the opposite direction: students switch to 
the LOI to understand both words and content. This clearly demonstrates the two directions of 
the interdependence hypothesis and the transfer it can realize for both languages (Cummins, 
2000). Our findings confirm that students functionally use their home language as a powerful 
resource to mediate their learning process and thus engage in functional multilingual learning 
(Sierens & Van Avermaet, 2014). Their home language can support the construction of meaning 
through the transfer of conceptual knowledge between both languages (e.g., Kenner et al. 2008). 
Moreover, it can help to access content more easily in the LOI (e.g., Littlewood & Yu, 2011). This 
encourages students to work at a higher cognitive level than the level that would be within their 
reach if they could only rely on the LOI (Storch & Wigglesworth, 2003). Our findings can also 
reassure teachers who exclude students’ multilingual repertoire from classroom practice out of 
fear to lose control and to jeopardize students’ academic development (Van den Branden & 
Verhelst, 2011): students are mainly focused on the content in the LOI and only occasionally use 
their home language as a support tool to keep their learning process on track in the LOI.  
Students point out the usefulness of the text-to-speech application, particularly to improve 
understanding. This confirms that the combination of two modalities, such as visual and 
auditory text, helps to access content more easily and assists in focusing on the construction of 
meaning (e.g., Proctor, Dalton, & Grisham, 2007). Moreover, some students indicate that they 
encounter difficulties when they have to read in their home language. Other students also state 
that it is easier to listen than to read, although this is strongly linked to personal preferences. 
While today’s society is characterized by multilingual and multimodal practices (Kress et al., 
2001), most studies focus on one modality. Through integrating text-to-speech, we have gained 
first insights in how students with a home language other than the LOI apply this multimodality 
in a CBLE such as E-Validiv. Our study also indicates that students mainly focus on text-to-
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speech in the LOI. This can strengthen their proficiency in the LOI, as oral language development 
contributes to general proficiency in that language, next to reading (August & Shanahan 2006). 
The digital notebook is used for various reasons: to emphasize important, new or challenging 
content, to help retain new information, and as a support tool when making exercises. 
Accordingly, taking notes can act as an effective tool to understand content in a comprehensive 
way (Devolder, 2014). Nevertheless, none of the students took notes in their home language.  
Our results also show that students experience certain barriers to apply their home language 
as a resource for learning. As a first barrier, some students indicate that they seldom switch to 
the content in their home language because of their assumed weak proficiency in this language. 
When they are convinced that they are not proficient in their home language, this may hinder 
rather than stimulate the appeal to that language as a resource (Jiménez et al., 1995). Second, the 
students’ responses indicate that the broader sociolinguistic context may have an impact on how 
they perceive their home language (Kenner et al,. 2008): as they attend a Dutch-speaking school, 
they assume that they need to become fully proficient in the LOI. This may indicate that students 
with another home language adopt the dominant beliefs on which the monolingual educational 
policy in Flemish education is based (cf. Gerritsen & Maier, 2012, on young migrants taking over 
dominant discourses in the Netherlands). Related to this, Ceuleers (2008) argues that the 
monolingual school policy plays a role in students’ learning in the LOI and their confidence with 
regard to their linguistic proficiency. This is also shown in our findings, as students state that 
they are stronger in Dutch than in their home language and rely more on the LOI in a school 
context. As a third barrier, students experience particular difficulties with academic vocabulary 
in both their home language and the LOI (cf. Cummins, 2008). Thus, their home language cannot 
always offer them the needed support. Sufficient access to and processing of high quality content 
material in both the LOI and their home language is needed to strengthen the transfer between 
both languages (Jiménez et al., 1996). Further research should also study which other factors, 
such as socioeconomic status, play a role in the development of academic language (Van den 
Branden & Verhelst, 2011). Finally, we have to keep in mind that the integration of E-Validiv in 
classroom practice introduced a new approach: students did not only gain access to content in 
their home language, they were also asked to take responsibility for their own learning process 
by means of a CBLE. Hence, students may have found it challenging to employ their home 
language in a completely effective way on all occasions, because they had not yet completely 
perceived the usefulness of their home language and the related digital tools. 
 
7. Conclusion 
To stimulate an optimal use of the home language in a CBLE, and thus to maximally integrate it 
into classroom practice as a support tool for learning, different suggestions can be put forward 
related to the role of the teacher, the content offered in CBLEs integrating home language 
support, and the digital tools. First of all, the teacher can take up a mediating role in students’ 
learning process in a CBLE (Proctor et al., 2007). He/she can guide students in exploring the 
different possibilities of the CBLE. As such, teacher and students can discuss how the digital tools 
can support their learning, for example by appealing to their home language as a didactic 
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resource. This can help students to become aware of how and when they can access their home 
language. Hence, teachers can stimulate students in appealing to their home language in a 
confident, intentional, and autonomous way in a CBLE. Teachers can also embed content of the 
CBLE in the broader classroom practice. Accordingly, an interactive collaboration between the 
teacher and his/her students can be set up, aimed at the co-construction of a deep 
understanding of content (Cummins, 2000). This interaction can also help students to develop a 
higher regard of their home language as a resource for learning in both languages (Jiménez et al., 
1995). In the context of the Home-Language-in-Education project, teachers who were coached to 
intentionally integrate students’ home languages in their classroom practice have been shown to 
stimulate and facilitate interaction in the home language during group work. However, they 
rarely evaluate or engage dialogically with students (Rosiers, Willaert, Slembrouck, & Van 
Avermaet, in press). This indicates that there is a need for initiatives on professional 
development, so that teachers can build up expertise on both how to appeal to the linguistic 
diversity in their classroom in a positive way, for example by means of a CBLE like E-Validiv. 
Otherwise, students may not come to the full use of their home language for their learning 
process. Second, based on our findings, we suggest that CBLEs can provide different ways to 
make content more comprehensible, for example through the integration of explanations of key 
words in both languages, the use of pictures, and animations. Third, the implementation of 
digital tools in a CBLE such as E-Validiv needs further consideration. For instance, the pace of the 
text-to-speech digital voice should be decreased to optimize its use. A more dynamic approach to 
switch between languages could also be considered. At present, E-Validiv is designed from a 
code-switching perspective, with the possibility to switch between screens, each presenting 
content in one language. However, bilinguals do not follow the strict separations between 
languages (Willans, 2011). This is in line with a translanguaging approach, in which students’ 
whole linguistic repertoire is used dynamically, without a clear distinction between languages 
(García & Wei, 2014; Lewis, Jones, & Baker, 2012). The spontaneous interaction patterns in the 
Brussels and Ghent classrooms also show that students rather engage in translanguaging than 
code-switching (Rosiers, 2015). Translanguaging comprises code-switching but at the same time 
extends it (García & Leiva, 2014). Appealing to the total linguistic repertoire by means of 
translanguaging in E-Validiv could make the CBLE didactically more challenging and at the same 
time connect it more to the reality of multilingual development.  
With regard to future research recommendations, observations of more students with 
different linguistic backgrounds while completing various subthemes are needed. Broader data 
can confirm if the reasons for the use of the digital tools can be generalized and if most students 
interact with E-Validiv in a similar way. Second, although the Ghent and Brussels classroom 
differ in distinct ways with regard to their language policy, we could not determine clear 
context-related differences in the way the students approach the digital tools related to their 
home language. Further research with a more prolonged observation and a focus on the 
teacher’s mediating role could shed more light on this issue. Third, we only addressed students’ 
self-reported proficiency in the LOI and the home language. It could be beneficial to add a 
standardized proficiency test in the different home languages to examine the impact of 
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proficiency level on the use of the tools. Finally, while students in the present study indicate that 
the CBLE supports their learning process, it is necessary to complement the findings of the 
present study with research on students’ learning outcomes. 
In sum, this study contributes to the research on CBLEs which offer support in students’ 
home languages. More specifically, the combined results of quantitative data on students’ 
activities in E-Validiv and qualitative interview data on motives to use the CBLE in particular 
ways show that students functionally apply their home language and the related tools to support 
their learning process in the LOI. Furthermore, it gives insight into possible obstacles which 
students may encounter when interacting with a CBLE offering multilingual supports. To 
conclude, a truly multilingual classroom should be an environment where students’ multilingual 
identities are accepted and where their appeal to the home language as a resource, next to the 
LOI, is considered a legitimate practice (Liebscher & Dailey-O’Cain, 2005; Unamuno, 2008). 
CBLEs such as E-Validiv offer a promising pathway to stimulate this legitimacy.  
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Chapter 7 
Recognizing linguistic diversity for learning: 
What does it mean for students’ science achievement and 
feelings of shame? 
 
 
Abstract 
This study evaluates an intervention aimed at integrating all students’ home languages in schools 
to foster their learning and well-being. The focus lies on changes in students’ science achievement 
and feelings of shame in using the home language at school. Data were collected from 865 
language minority students from 60 primary schools in Flanders (Belgium). Whereas 29 schools 
were randomly assigned to the intervention condition, 31 schools acted as control schools. Students 
were followed during two school years (fourth and fifth grade). Neither science achievement nor 
feelings of shame were influenced by the intervention, which may be due to the implementation 
conditions of the intervention. However, feelings of shame were negatively related to science 
achievement. Implications for research and practice are discussed. 
 
1. Introduction 
Due to processes of migration and globalization, societies are becoming more diverse (Vertovec, 
2007). Accordingly, schools are confronted with a large cultural and linguistic diversity among 
their student population, particularly in urban areas, with students bringing different linguistic 
repertoires into the classroom. While we define language majority students as those who have 
the same home language as the language of instruction (i.e., the dominant language used at 
school), language minority students are defined as those who also use languages at home other 
than the language of instruction.  
Many international large-scale studies indicate that students with another home language 
run a considerably higher risk of underperformance in comparison to language majority 
students (e.g., Martin, Mullis, Foy, & Stance, 2012; OECD, 2010). This achievement gap between 
language minority and language majority students has not only been identified for literacy and 
numeracy (OECD, 2010), but also for science education (e.g., Bellens, Arkens, Van Damme, & 
Gielen, 2013). Having a home language other than the language of instruction is often 
problematized as one of the key factors related to this achievement gap and, accordingly, 
indicated as an obstacle for successful school performance (Pulinx, Agirdag, & Van Avermaet, 
2014; Zuengler & Miller, 2006). Moreover, this achievement gap is used by policymakers as one 
of the main arguments to justify a monolingual policy in education. As such, students are 
expected to attain a high level of proficiency in the national standard language as a condition to 
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successfully participate in school, the labour market as well as society (Lanauze & Snow, 1989; 
Pulinx et al., 2014). Although there is room for foreign language education, this is reserved only 
for languages that are considered highly prestigious; most home languages of language minority 
students are not valued as a resource for learning and therefore excluded from the learning 
process (Agirdag, 2010; García & Kleifgen, 2011; Helot & Young, 2002). 
For language minority students, the confrontation with educational policies which ignore 
their multilingual background can have considerable consequences. On the one hand, it 
increases the possibility of internalizing negative beliefs about their home language and even 
feeling ashamed of it (Gogolin, 2002; Martínez-Roldán & Malavé, 2004; Pulinx et al., 2014). On 
the other hand, they are inhibited in utilizing their home language as a support tool for their 
overall learning through the language of instruction (Agirdag, 2010; Van Der Wildt, Van 
Avermaet, & Van Houtte, 2015). As such, they miss out on important learning opportunities. 
Nevertheless, there is evidence that indicates the effectiveness of the use of multilingual 
repertoires and bilingual education (August & Shanahan, 2006; Thomas & Collier, 2002; for a 
taxonomy, see García, Kleifgen, & Falchi, 2008)  
Moreover, teachers who must work within the monolingual framework, as prescribed by 
educational policymakers, often hold the idea that the focus should exclusively lie on learning in 
and through the language of instruction (e.g., Kenner, Gregory, Ruby, & Al-Azami, 2008; Ramaut 
& Sierens, 2011; Van den Branden & Verhelst, 2011). They choose this immersion approach for 
different reasons: the belief that mastery in the language of instruction offers better chances for 
integration in society, the conviction that as much time as possible should be dedicated to the 
language of instruction, and the fear of losing control over the classroom practice should 
students use other languages (McLaughlin, 1992; Pulinx et al., 2014; Van den Branden & 
Verhelst, 2011). Furthermore, teachers seem to lack the necessary tools and competencies to 
cope with the complex linguistic diversity in their classroom practice (Clark, Touchman, 
Martinez-Garza, Ramirez-Marin, & Drews, 2012; Hélot, 2012; Pulinx et al., 2014). 
A number of educational innovations that aim to integrate every student’s linguistic 
repertoire in the school context have been scientifically monitored over the years (e.g., Maraillet, 
2005; Saudan et al., 2005). Still, large-scale research on the purposeful use of linguistic diversity 
as a lever for both achievement and socio-emotional well-being is scarce (for an overview, see 
Sierens & Van Avermaet, 2014). In this study, we evaluate the effectiveness of the Validiv-
project, a research project that is targeted at appealing to all students’ home languages at school 
and uses a large-scale quantitative methodology. The innovation consisted of the 
implementation of three experimental tools that affected the school as a whole: students used a 
multilingual computer-based learning environment (CBLE) in the domain of science education, 
teachers received a guide with inspiration on how to deploy students’ diverse linguistic 
repertoires for learning in the classroom and schools were coached to set up a language policy 
trajectory in which linguistic diversity is positively approached. The purpose of this study is to 
examine whether students’ achievement (i.e., science achievement) and well-being (i.e., feelings 
of shame when using their home language) were influenced by the innovation. Moreover, we 
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study whether feelings of shame related to the use of the home language are a barrier for 
language minority students to employ their home language for learning. 
 
2. Theoretical framework 
2.1 Appealing to students’ home languages as a 
lever for raising science achievement 
According to Vygotsky (1978), language is one of the main symbolic tools children learn to 
master. It helps individuals to think about and make sense of the world surrounding them 
(Lantolf & Thorne, 2007; Storch & Aldosari, 2010; Vygotsky, 1978). Therefore, all forms of 
higher-order mental processing as well as the acquisition of complex skills are mediated by 
language (Guerrero & Villamil, 2000; Swain & Lapkin, 2000). As language minority students’ 
home language is often the first language they learn, they need it as a cognitive tool to regulate 
their learning process in the language of instruction (Lantolf, 2000; Lantolf & Thorne, 2007; 
Swain & Lapkin, 2000; Vygotsky, 1978). In line with Cummins’ (1979) linguistic 
interdependence hypothesis, a high level of competence developed in the home language can 
help in developing competence in the language of instruction and vice versa. A common 
underlying proficiency enables this transfer of knowledge, skills, and strategies across languages 
(Cummins, 1981). Science education is one of the most apparent contexts in which an extensive 
academic repertoire in the language of instruction is represented: the description of phenomena 
with a distinct vocabulary, conceptual reasoning, and a high level of abstraction are central in 
this area of education (Van den Branden, 2010). Therefore, science as a content area can provide 
a rich source of input for language minority students’ learning process (Cummins, 1986).  
Nevertheless, when language minority students’ home language is excluded from their 
learning process, they cannot rely on it as a tool for learning. Baker (2011) even suggests that 
the ignorance of students’ linguistic repertoire in their home language can be considered as one 
of the causes related to the aforementioned achievement gap. Moreover, programs in which the 
development of both the language of instruction and the home language are equally pursued 
have been shown to strengthen language minority students’ academic achievement (August & 
Shanahan, 2006; Cheung & Slavin, 2012; García, 2009; Thomas & Collier, 2002). Nevertheless, 
the large variety in program implementations and different methodological shortcomings in 
research make it difficult to choose in favor of one approach (Sierens & Van Avermaet, 2014; Van 
den Branden & Verhelst, 2011). Moreover, in classrooms composed of students with a broad 
array of home languages, traditional bilingual education programs become less feasible (Sierens 
& Van Avermaet, 2014). 
The notion of functional multilingual learning may be a promising pathway to benefit from 
the present linguistic diversity in the classroom (Sierens & Van Avermaet, 2014). In this 
approach, every student’s full linguistic repertoire is approached as a didactic resource and 
intentionally integrated in the learning process. As such, language minority students can employ 
the expertise already developed in their home language as a support tool to acquire knowledge 
that is currently beyond their level in the language of instruction (Jiménez, García, & Pearson, 
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1995, 1996; Kempert, Saalbach, & Hardy, 2011; Langer, Bartolome, Vasquez, & Lucas, 1990; 
Upton & Lee-Thompson, 2001). The teacher does not need to master every student’s home 
language; he/she functions as a guide who supports both interactivity and feedback (Sierens & 
Van Avermaet, 2014). 
However, the surrounding context must be aligned with the idea of welcoming the whole 
linguistic repertoire of all students before an impact on achievement and well-being can be 
expected. Therefore, functional multilingual learning should be embedded in a constructive 
language policy (Sierens & Van Avermaet, 2014). Otherwise, language minority students may 
not feel inclined to appeal to their home language as a resource for learning (e.g., Becker, 1997; 
Lambert, 1973). Research has already shown that students may feel very reluctant to apply their 
home language (Gort, 2012; Storch & Aldosari, 2010; Storch & Wigglesworth, 2003). For 
example, language minority students may have a very strong focus on the language of 
instruction within the school context, even when the use of the home language is promoted 
(Kenner et al., 2008; Storch & Wigglesworth, 2003). As such, it may not occur to them that they 
can also deploy their home language in the learning process. Moreover, students need to be 
offered sufficient support and opportunities to access material in their home language, so that 
they can gain experience with it in a school context (Jiménez et al., 1996; Leider, Proctor, 
Silverman, & Harring, 2013). Otherwise they may only have little knowledge to transfer to the 
language of instruction.  
These findings indicate that the context surrounding language minority students may 
strongly jeopardize the use of their home language as a support tool to accomplish tasks, and 
thus, to foster achievement. Therefore, the integration of students’ home languages as a tool in 
the daily classroom practice may not be as easy as expected. As has been shown, students who 
feel reluctant to appeal to their home language for learning may have incorporated the 
monolingual view of policymakers and teachers. Feelings of shame related to language minority 
students’ use of the home language might be a possible expression of internalized negative 
feelings with regard to their home language. 
 
2.2 The stigmatization of students’ home languages and 
its influences on language minority students 
A person develops an image of him- or herself through interaction with others. As Cooley (1983) 
states, the self-image is built up in three steps: first, a person estimates how other people 
perceive him/her. Second, he/she assesses the evaluations other people may hold of him/her. 
Then, based on what he/she assumes others think about him/her, a self-image is constructed. 
However, this process of the construction of the self-image can also negatively alter someone’s 
way of looking at themselves, resulting in stigmatization (e.g., Gilbert, 1998; Goffman, 1963; 
Hinshaw, 2007).  
For example, language minority students develop their self-image to a great extent based on 
what they assume their peers, teachers, and the broader society think about them. The 
educational policy, reflecting the monolingual norm which is generally accepted in society, puts 
a strong emphasis on high proficiency in the language of instruction as the only way to become 
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successful in life and the related exclusion of other home languages (Blommaert & Van 
Avermaet, 2008). However, this can lead language minority students to internalize the idea that 
their home language is an obstacle to their achievement (Agirdag, 2009; Van den Branden & 
Verhelst, 2011). As such, they can feel stigmatized for speaking another language at home.  
Stigma refers to a “deep, shameful mark or flaw related to being a member of a group that is 
devalued by the societal mainstream” (Hinshaw, 2007, p. xi). Hence, stigmatization can have 
damaging consequences for the stigmatized individual, such as anxiety related to the 
characteristic being revealed, fear of being rejected by others or shame. Feelings of shame occur 
when people believe they cannot live up to personal and other people’s expectations (Gilbert, 
1998). The stereotype threat theory states that people who belong to a group that is often 
negatively stereotyped might jeopardize their own performance due to the risk of confirming 
those stereotypes and the energy they invest in trying to compensate for those stereotypes 
(Steele, 1997; Steele & Aronson, 1995). When this theory is applied to language minority 
students, they may feel stress in completing a test for fear that they might confirm the 
stereotype that language minority students achieve lower test scores. 
Teachers who believe linguistic diversity to have negative effects on academic achievement 
can discourage the integration of language minority students’ home languages in the learning 
process through denying the importance of their home language for learning (Blommaert, Creve, 
& Willaert, 2006; Dooly, 2005; García, 2009; Gogolin, 2002). Hence, language minority students 
might internalize these widespread beliefs. For example, Agirdag (2010) has shown that 
students strongly prioritize the use of the language of instruction and believe it is in their own 
interest to abandon their home language at school. According to Agirdag (2010), this emphasis 
on the language of instruction by students is triggered by teachers’ monolingual beliefs. Similar 
results were found by Martínez-Roldán and Malavé (2004) in their case study of Steve, a seven-
year-old Mexican American student. His perception of Spanish-speaking people was strongly 
influenced by the language restrictions imposed by his father, an immigrant from Mexico, who 
did not allow Steve to speak Spanish at home. 
This may also explain why language minority students are reluctant to appeal to their home 
language in accomplishing tasks, as has been shown in the previous section: they try to tackle 
their negative feelings of shame by avoiding the shameful behavior (Gilbert, 1998) and thus 
refrain from the use of their home language. In the understanding of Goffman (1963), speaking a 
home language other than the language of instruction is often seen as discreditable for a student. 
This means that the different home language is likely to be hidden (Goffman, 1963), for example, 
by not using it in the school context, even when it is allowed. However, for students being 
discouraged to perceive their home language as an asset, this can lead to missed learning 
opportunities (cf. supra). 
 
2.3 Translating theory into practice through innovative education projects 
Different initiatives have already been undertaken to include students’ full linguistic repertoire 
in the mainstream school context, without the explicit aim of teaching new languages (e.g., 
Maraillet, 2005; Saudan et al., 2005). In general, two broad approaches can be distinguished. On 
Chapter 7 
 
180 
 
the one hand, various projects focus on language awareness, which is intended to familiarize 
students with different languages in order to foster positive attitudes towards linguistically 
diverse societies (Blondin & Mattar, 2004; Fidler, 2006; Frijns et al., 2011; Helot & Young, 2002). 
Teachers confirm that these kinds of projects stimulate students’ curiosity towards languages 
and promote positive attitudes towards other cultures (Blondin & Mattar, 2004; Fidler, 2006). 
On the other hand, projects are emerging which are aimed at the intentional integration of 
students’ home language in the learning process, mostly in combination with activities of 
language awareness (e.g., Bourne, 2001;, Ramaut et al., 2013). These projects start from the idea 
of functional multilingual learning, in which students’ whole linguistic repertoire is addressed as 
didactic capital and used as a tool for learning. These projects also indicate their power to 
influence teachers’ beliefs and classroom practices. For example, by the end of the Home-
Language-in-Education project, in which teachers were coached about how to encourage 
students to employ their home languages for learning, every teacher in the intervention schools 
allowed other languages in the classroom context (Ramaut et al., 2013).  
 
3. Aim of the study 
The purpose of this study is to evaluate an educational research project focused on appreciating 
and integrating students’ home languages in the school context to enhance both learning and 
well-being (cf. Methods section – Research setting). First, we aim to examine whether the project 
initiated a change in language minority students’ science achievement. Yet, monolingual teaching 
practices may affect students’ perception of their home language as a didactic tool. Therefore, 
they may refrain from applying their multilingual repertoire for learning and miss out on 
learning opportunities. Some students may even become ashamed about using their home 
language. Thus, we also focus on changes in feelings of shame to use the home language due to 
the project. The following research questions guide the study:  
1. Does a project aimed at integrating students’ home languages in the school context 
influence students’ science achievement? 
2. Does a project aimed at integrating students’ home languages in the school context 
influence students’ feelings of shame towards using their home language? 
3. Do feelings of shame towards using the home language mediate the relationship between 
the project and science achievement? 
 
4. Method 
4.1 Research context 
This study is situated in Flanders, the northern part of Belgium. Dutch is the official language of 
instruction in the Flemish educational system; 14% of the primary school students enrolled 
speak a language at home that is different from Dutch (Agency for Internal Administration, 
2015). In Brussels, Belgium’s capital, more than half of the population uses at least two 
languages at home, with languages other than Dutch or French as strongly growing home 
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languages (Janssens, 2013). For only 18% of students in the Dutch-speaking schools in Brussels, 
Dutch is the only home language (Verlot, Delrue, Extra, & Yagmur, 2003).  
Notwithstanding the present linguistic diversity, Flanders is characterized by a long history 
of struggles for the recognition of Dutch as an official national language. Therefore, the 
importance of Dutch is strongly emphasized (Van Velthoven, 2011; Wils, 2009; Blommaert & 
Van Avermaet, 2006). Moreover, proficiency in Dutch is believed to be an important aspect of 
being a member of Flanders (Van Velthoven, 2011; Wils, 2009; Pulinx & Van Avermaet, 2015). 
This ideology underlining the importance of Dutch also extends to the educational system (e.g., 
Blommaert et al., 2006).  
 
4.2 Research project 
The Validiv-project (Valorizing Linguistic Diversity in Multiple Contexts of Primary Education) 
aims to intentionally employ every student’s linguistic repertoire in the learning process as well 
as in the broader classroom and school context. As recommended in the school improvement 
literature (e.g., Hopkins, 2001), the Validiv-project is targeted at affecting schools at three levels, 
namely the individual level, the classroom context and the broader school environment. 
Therefore, the Validiv-team developed three tools, each with a focus on one particular level. 
First, E-Validiv is a CBLE for students from fourth and fifth grade, offering a broad range of 
topics related to science. The CBLE has a multilingual character: all content can be accessed in 
the language of instruction (i.c., Dutch) and one of six other languages (i.c., English, French, 
Italian, Polish, Spanish or Turkish) through a language switch button. For language minority 
students who have their home language available in E-Validiv, the other language is set to that 
language. Second, the Validiv Case Collection is a guide for teachers with suggestions to appeal to 
the present linguistic diversity during classroom activities. Teachers could choose how 
intensively they integrated the proposed activities in their classroom practice. Third, the School 
Policy Guide helps the school team to set up a language policy plan with a positive focus on 
linguistic diversity.  
The introduction of the three Validiv-tools in the schools was supported by principles from 
school improvement research. Each school was assigned an external school coach to give 
support in the change process. The external school coaches assisted the schools as critical 
friends: they both supported and encouraged teacher teams to try out new things in their 
teaching (Stoll, Fink, & Earl, 2003). Moreover, schools differ in their readiness for reform. 
Therefore, they require different strategies in order to realize change (Slavin, 2005), with failing 
schools needing more external support than moderately effective schools or effective schools 
that want to remain effective (Hopkins & Harris, 1997). Hence, no universal formula with quick-
fix solutions is available for schools to become more effective (Harris, 2002). Innovation 
processes are always complex and take a long time. Therefore, the schools followed a needs-
based trajectory as much as possible (Slavin, 2005; Stoll et al., 2003). 
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4.3 Sample 
Data were collected from 865 language minority students (mean age = 11.33), their parents, and 
their teachers in 60 primary schools as part of the Validiv-project. Students were followed 
during one and a half years, from the beginning of fourth grade until the end of fifth grade. 
Multistage sampling was conducted to select the schools. First, from three selected regions with 
diverse linguistic populations (i.e., Brussels, Ghent, and Limburg), 214 primary schools were 
randomly selected and asked to participate; 31.30% of them agreed. The linguistic composition 
of the participating schools ranged from 1% to 100% language minority students. As the 
proportion of language minority students of the non-participating schools (M = 0.427; SD = 
0.281) is not significantly different from that of the participating schools (M = 0.411; SD = 0.291) 
(t(212) = 0.382, p>.05), we conclude that the non-response is not related to schools’ linguistic 
composition.  
Former research studying changes in educational projects has mainly chosen a qualitative 
approach, such as observations (Bourne, 2003; Maraillet, 2005; Ramaut et al., 2013), teachers’ 
diaries (Fidler, 2006; Saudan et al., 2005), and interviews (Ramaut et al., 2013). Some projects 
also included quantitative analyses, but samples were mostly too small to provide sufficient 
statistical power for an analysis of school level effects (e.g., Blondin & Mattar, 2004). Generally, 
no control schools or pretests were included (for an exception, see Ramaut et al., 2013). The 
present study aims to fill this gap by means of a large sample of intervention and control schools 
with a pretest-posttest design. 
 
4.4 Procedure 
Of all the participating schools, 29 schools (468 language minority students) were randomly 
assigned to the intervention condition, whereas 31 schools (397 language minority students) 
acted as control schools. The intervention comprised the implementation of the three Validiv-
tools. Before (i.e., pretest at time point 1: fall 2012) and after the intervention (i.e., posttest at 
time point 2: spring 2014), students completed a test consisting of three paper-and-pencil 
components: a science achievement test, a reading comprehension test, and a background 
questionnaire. At time point 2, a test on cognitive ability was also administered. Furthermore, 
students’ parents and all teachers from their schools filled in a paper-and-pencil questionnaire 
at time point 1.  
All of the intervention schools participated in the pretest and the posttest, received access to 
the three experimental tools and were coached throughout the implementation process. In the 
control schools, students were only administered the pre- and posttest; no interventions were 
set up there. Only the data of language minority students who were present during both pre- and 
posttest were used for the analyses. 
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4.5 Measures 
Table 1 gives an overview of the descriptive statistics for the different variables mentioned 
below. Table 2 and Table 3 report on the correlations for the level 1 variables and the level 2 
variables respectively.  
 
4.5.1 Dependent variables 
With regard to science achievement, students filled out a test at time point 2, consisting of 46 
items with a multiple-choice format. The items were based on the released 2011 science items in 
Dutch from The International Mathematics and Science Study (TIMSS) (Bellens, Gielen, Belfi, & 
Van Damme, 2012). Students received one point for a correct answer and zero points for an 
incorrect answer, with a maximum score of 46 points. Students scored on average 24.88 on the 
test with a standard deviation of 6.20.  
Students’ feelings of shame in using their home language was also measured at time point 2 
with the item “I feel ashamed when I use the language I use at home on the playground”. The 
answers ranged from 1 (= never) to 5 (= very often) on a 5-point Likert scale. Since this variable 
had a very skewed distribution, it was transformed into a dichotomous variable, with scores 1 
and 2 grouped into a category of students who are not or not much affected by feelings of shame 
and scores 3 to 5 grouped into a category of students who do experience shame. This 
categorization shows that 22.2% of the students feel ashamed when using their home language, 
while 77.8% do not or only rarely experience this. 
 
4.5.2 Explanatory variables at student level 
Intensity of the Validiv-project 
Since the factors related to the intensity of the Validiv-project were only applicable to students 
in schools in the intervention condition, the descriptive statistics with regard to the intervention 
condition were only calculated for these students. The total amount of time spent in E-Validiv 
over the course of the intervention indicates the time-on-task, which is considered an important 
predictor of learning (Snow, 1990). In our sample, students spent on average 199.93 minutes on 
E-Validiv with a standard deviation of 110.37 minutes. This was determined through logfiles 
from a system running in the background of E-Validiv, which saved all relevant activities. The 
time spent in the other language was determined in a similar way. For reasons of interpretation, 
this variable is set to proportions. On average, students spent 25.00% of the time on E-Validiv in 
the other language with a standard deviation of 23.00%. 
For students’ status in E-Validiv (i.e., whether there is a match between their home language 
and the other language in E-Validiv or not), language minority students were first identified as 
students indicating that they sometimes, often or always speak another language with at least 
one of their parents. Next, they were asked which language they speak at home with their 
parents. This was linked to the language available to them in E-Validiv. If students indicated the 
same language as the one available to them in E-Validiv, they were considered as having a match 
between their home language and the language in E-Validiv. Students indicating another 
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language were regarded as not having a match. In our sample, 86.4% of the students had a 
match between their home language and the language in E-Validiv. 
 
Specific control variables for the analysis of students’ science achievement 
To control for initial science achievement, the results from the science achievement test 
administered at time point 1 were used. This test consisted of 34 multiple-choice items, based on 
the released 2003 TIMSS science items in Dutch (Brusselmans-Dehairs & Valcke, 2004). On 
average, students scored 20.21 points on a total of 34 points with a standard deviation of 4.78.  
For reading comprehension, a test was administered at time point 1, based on the reading 
comprehension test for third-grade students from the Institute for Test Development (Cito) in 
the Netherlands (Staphorsius & Krom, 1998). The test consisted of 20 questions about three 
narrative texts. Students scored on average 10.91 points on a total of 20 points with a standard 
deviation of 4.64. 
Cognitive ability was measured by means of the nonverbal Raven Standard Progressive 
Matrices (Raven, Raven, & Court, 2003) at time point 2. Students had to recognize patterns in 60 
different puzzles. The total sum score was transferred to a percentile score on the basis of norm 
tables. The average percentile score on this test was 46.58 with a standard deviation of 28.47. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 1: Descriptive statistics: frequencies, means, and standard deviations. 
Variables Mean(SD) or % n 
Student level 
Total time spent in E-Validiv (range: 1.22–647.87) 199.93 (110.37) 453 
Student status in E-Validiv (ref. cat.: LMi students without match) 86.4% (match) 419 
Proportion of time in OL in E-Validiv (range: .00-.97) .25 (.23) 453 
Science achievement TIME 1 (range: 6.00-31.00) 20.21 (4.78) 834 
Reading comprehension (range: 1.00-20.00) 10.91 (4.64) 827 
Cognitive ability (range: 4.00-97.00) 46.58 (28.47) 863 
Feelings of shame to use home language TIME 1 (ref. cat.: no) 41.8% (yes) 758 
OLs used at playground (range: 1.00-5.00) 2.38 (1.24) 860 
Self-reported proficiency language of instruction (range: 1.00-5.00) 4.26 (0.58) 825 
Self-reported proficiency home language (range: 1.00-5.00) 4.11 (0.74) 800 
Gender (ref. cat.: boy) 50.1% (girls) 835 
Ethnic background (ref. cat.: Turkish descent)  813 
Belgian descent 29.6%  
Moroccan descent 19.4%  
Other descent 27.9%  
Educational level mother (ref. cat.: continued education)  687 
No primary education 2.9%  
Primary education 8.3%  
Lower secondary education 8.6%  
Higher secondary education 47.3%  
Feelings of shame to use home language TIME 2 (ref. cat.: no) 22.2% (yes) 818 
Science achievement TIME 2 (range: 8.00-42.00) 24.88 (6.20) 865 
School level 
Linguistic diversity (range: .00-.73) .47 (.19) 59 
Positive use of linguistic diversity (range: 1.31-4.38) 2.19 (0.65) 59 
Teachers’ teachability expectations (range: 2.92-4.03) 3.41 (0.28) 59 
Intervention condition (ref. cat.: control schools) 48.3% 
(intervention) 
60 
Usage of Validiv-tools (range: 0.01-0.68) 0.24 (0.14) 27 
Note: SD = standard deviation; LMi = language minority; OL = other language 
 Table 2: Pearson’s bivariate correlates for level 1 variables. 
 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1. Total time spent in 
                                        E-Validiv 
1               
2. Student status in 
                                      E-Validiv (ref. cat.: 
                                    LMi students without 
match) 
-.01 1              
3. Proportion of time in 
                                        OL in E-Validiv 
.01 -.18*** 1             
4. Science achievement 
                                        TIME 1 
.22*** .04 .01 1            
5. Reading 
                                        comprehension 
.25*** .06 .08 .56*** 1           
6. Cognitive ability .24*** -.03 .04 .33*** .33*** 1          
7. Feelings of shame to  
                                          use HL TIME 1  
                                        (ref. cat.: no) 
-.02 -.07 .02 -.17*** -.18*** -.04 1         
8. OLs used at 
                                          playground 
-.11* -.26*** .24*** -.17*** -.17*** .03 .02 1        
9. Self-reported 
                                        proficiency LOI 
-.01 .03 -.12* .21*** .25*** -.04 -.11** -.15*** 1       
10. Self-reported 
                                                               proficiency HL 
-.03 -.08 .21*** -.09** -.04 -.03 .00 .13*** .09** 1      
11. Gender (ref. cat.:  
                                                                   boy) 
.15** .01 -.13** -.04 .13*** .07* .05 -.10** .04 -.07* 1     
12. Ethnic background 
                                                               (ref. cat.: Turkish 
                                                                  descent) 
.01 .20*** .05 -.03 -.03 .00 .02 -.03 -.06 .03 -.03 1    
13. Educational level 
                                                               mother (ref. cat.:  
                                                             continued 
                                                                 education) 
.08 .03 .14** .28*** .24*** .21*** -.02 -0.3 .06 -.07 -.01 -.04 1   
14. Feelings of shame to 
                                                                 use HL TIME 2 
                                                                   (ref. cat.: no) 
-.12* .06 -.02 -.18*** -.14*** -.05 .18*** -.03 -.12** -.01 -.01 .08* .04 1  
15. Science achievement  
                                                                     TIME 2 
.25*** .12* .04 .62*** .56*** .48*** -.12** -.20*** .11** -.06 -.01 .01 .26*** -.17*** 1 
*p<.05, **p<.01, ***p<.001 
Note: LMi = language minority; OL = other language; LOI = language of instruction; HL = home language 
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Table 3: Pearson’s bivariate correlates for level 2 variables. 
 1 2 3 4 5 
1. Linguistic diversity 1     
2. Positive use of linguistic diversity .33*** 1    
3. Teachers’ teachability expectations -.39*** .00 1   
4. Intervention condition (ref. cat.: control schools) .23*** .24*** -.02 1  
5. Usage of Validiv-tools .39*** .11* -.23*** --- 1 
*p<.05, **p<.01, ***p<.001 
 
 
Specific control variables for the analysis of feelings of shame when using the home language 
To control for initial feelings of shame, students were asked at time point 1 if they felt ashamed 
about using their home language on the playground, with answers ranging from 1 (= never) to 5 
(= very often) on a 5-point Likert scale. This measure was recoded into a dummy variable, with 
the reference category indicating that students do not experience feelings of shame with regard 
to their home language and the other category indicating the presence of feelings of shame when 
using the home language. We found that 41.8% of students reported feelings of shame and 
58.2% of students reported that they did not experience shame with regard to their home 
language. 
Since students who make use of different languages on the playground might have more 
occasion to feel ashamed about their home language than students only using Dutch, we 
controlled for students’ language use on the playground. Therefore, we asked which language 
students use on the playground on a 5-point Likert scale (1 = always Dutch; 5 = always another 
language). The average on this measure was 2.38 with a standard deviation of 1.24, indicating 
that most language minority students use both languages to some extent on the playground. 
To measure students’ self-reported proficiency in the language of instruction, they were 
asked about the extent to which they can understand, speak, read, and write in the language of 
instruction on a 5-point Likert scale (1 = very poor; 5 = very strong). A mean score of the four 
skills was calculated. The students in our sample had an average score of 4.26 on this measure 
with a standard deviation of 0.58, indicating that they are rather confident about their overall 
proficiency in Dutch. The same procedure was performed to measure students’ self-reported 
proficiency in their home language. On this measure, students scored 4.11 with a standard 
deviation of 0.74. 
 
General control variables  
Data concerning student gender (boy = 0, girl = 1), ethnic background, and educational level of 
the student’s mother were also included. The data with regard to gender and ethnic background 
were derived from the student questionnaire. Concerning gender, our sample consisted of 
50.1% girls and 49.9% boys. Students’ ethnic background was determined by looking at the 
birthplace of the grandmother (mother’s side); if this was missing, the parents’ birthplace was 
used (Jacobs, Swyngedouw, Hanquinet, & Vandezande, 2006). For this study, we included four 
categories: Belgian descent (29.60%), Turkish descent (reference category, 23.00%), Moroccan 
descent (19.40%), and a category clustering students from any other descent (27.90%). The 
educational level of the student’s mother was retrieved from the parents’ questionnaire and had 
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five categories: no primary education (2.90%), primary education (8.30%), lower secondary 
education (8.60%), higher secondary education (47.30%), and continued education (reference 
category, 32.90%).  
 
4.5.3 Explanatory variables at school level 
Starting situation of schools before Validiv-implementation 
The measure for linguistic diversity at school is expressed as the total number of linguistic 
groups present at school, corrected by their size. It was measured at time point 1 by means of 
the inverse Herfindahl index: 1 - [(proportion linguistic group 1)² + (proportion linguistic group 
2)² +… + (proportion linguistic group n)²] (Dronkers & van der Velden, 2010; Putnam, 2007). 
When students indicated the usage of other languages than Dutch at school, they were assigned 
to the linguistic group of the other language which they felt most proficient in. Values for this 
index range from 0 to 1, with a value of 0 indicating that only one language is used at school; this 
could be Dutch or any other language. A value of 1 indicates that every student in the school uses 
a different language. For our sample, schools had an average score of .47 with a standard 
deviation of .19.  
The positive use of linguistic diversity was measured at time point 1 via the teacher 
questionnaire through four items on a 5-point Likert scale (1 = never; 5 = very often) 
(Cronbach’s α = .86). The items ask whether students would be allowed to use a language other 
than Dutch (1) to explain something to a peer, (2) during group work, (3) in the classroom, and 
(4) on the playground. No important social desirability bias exists for this measure, as the 
teachers’ reported positive use of linguistic diversity correlates strongly with the students’ 
perceived positive use of linguistic diversity (r = .65, p<.01). The intraclass correlation 
coefficient (ICC, based on a one-way ANOVA and calculated as ((Between Mean Square – Within 
Mean Square)/Between Mean Square) was .91, which legitimizes aggregation to the school level 
by calculating the mean of the teacher measure (Glick, 1985; Shrout & Fleiss, 1979). Scores 
ranged from 1 to 5, with high scores implying that teachers approach the linguistic diversity in 
the school in a positive way. On average, schools scored 2.19 on this measure with a standard 
deviation of 0.65. 
The teachers’ perception of students’ teachability was measured at time point 1 through an 
aggregate measure of the Teachable Pupil Survey (Kornblau, 1982), as incorporated in the 
teacher questionnaire. The survey consists of 31 items on a 5-point Likert scale (1 = totally 
disagree; 5 = totally agree) (e.g., ‘I think the students in this school follow directions’). As the ICC 
for the schools’ teachability expectations in the present study was .92, the teachability 
expectations measured at the teacher level could be aggregated at the school level (Glick, 1985; 
Shrout & Fleiss, 1979). On average, schools scored 3.41 on this measure with a standard 
deviation of 0.28. 
 
Intensity of the Validiv-project 
Whether the school was part of the intervention or control condition was indicated by a dummy 
variable, with a value of 0 indicating that the school was in the control condition and a value of 1 
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indicating that the school was part of the intervention condition. For our study, 29 schools 
functioned as intervention schools and 31 as control schools.  
As a general indicator of the intensity of the Validiv-project, we included a measure indicating 
how often a school team used the Validiv-tools. Therefore, each teacher indicated his/her usage 
of each of the three Validiv-tools using a scale from 1 (not used) to 4 (regularly used). As such, 
low values indicated a low use, while higher values indicated a more regular use of the Validiv-
tools. For every teacher, an average score was computed and those averages were recalculated 
to a scale ranging from 0 (low usage) to 1 (high usage). In the last step, we aggregated the scores 
of the teachers to the school level by calculating the mean score for each school. On average, 
schools scored .24 on this measure with a standard deviation of .14. 
 
4.6 Data analysis 
Multilevel modeling based on hierarchical regression (MLwiN 2.32) was used for the analyses on 
science achievement because of the hierarchical structure of the data: 865 students (level 1) are 
nested within 60 schools (level 2). For the analyses on feelings of shame related to using the 
home language, multilevel modeling based on binomial logistic regression was applied. The 
models for both dependent variables are built up in a similar order. Table 4 gives an overview.  
 
Model 0. For both dependent variables, we started with the unconditional model to determine 
the amount of variance in the dependent variable situated at the school level.  
 
Model 1. We then included the variables describing the schools’ starting situation before the 
intervention. In this way, we avoided biased effects because of potential selective inclusion of 
schools in the control or intervention condition. The linguistic diversity of a school was included 
in the analysis on science education scores, since a school’s composition has been found to 
influence students’ academic achievement (Bellens et al., 2013; Martin et al., 2012). For the 
dependent variable of shame, the linguistic diversity at school was also important since people 
tend to be more ashamed of features that are less common in a population (Gilbert, 1998). 
Teachers’ positive use of linguistic diversity was incorporated in the analysis because students 
are found to be responsive to teachers’ opinions about their languages and tend to adopt these 
opinions (Goriot, Denessen, Bakker, & Droop, 2015). This might lead to more intense feelings of 
shame in contexts where linguistic diversity is approached negatively. As a consequence, 
students may make less use of their home languages, which may jeopardize their learning. 
Additionally, teachers’ teachability expectations were included in the analysis on science 
education scores since these are found to relate to achievement (Jussim & Harber, 2005).  
 
Model 2. In the next step, we integrated the variables related to the Validiv-intervention. First, 
the variable indicating whether a school was in the intervention or control condition was 
included. Then, four conditionally relevant variables were added in order to include the 
variables that are only relevant for students in intervention schools (for a detailed description of 
this technique, see Ross & Mirowsky, 1992). At the school level, the intensity of the use of the 
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Validiv-tools was integrated, since we cannot assume that the intervention was implemented 
with the same intensity in all schools (Hopkins, 2001). At the student level, three variables 
concerning students’ use of E-Validiv were included: the total amount of time spent in E-Validiv 
(Snow, 1990), the proportion of time spent in the other language and students’ status in E-
Validiv (Sierens & Van Avermaet, 2014).  
 
Model 3. We integrated specific control variables that differed for both outcome variables. For 
the analysis of science scores, we included feelings of shame at time point 2. Hence, it could be 
tested whether the non-cognitive feelings of students are related to their cognitive outcomes, as 
has been found in previous research (e.g., Goodenow, 1993 for school belonging).  
For the analysis on feelings of shame, the measures of self-reported proficiency in Dutch and 
students’ home language were added. It might be that students feel that using their home 
language is less shameful if they have a higher proficiency in their home language, since there is 
no need to feel ashamed when they feel confident in their home language. Students might also 
feel less ashamed in using their home language if their proficiency in Dutch is strong. Students 
who show a strong proficiency in Dutch might feel less threatened by the stereotype of students 
with a different home language than Dutch, lacking proficiency in Dutch (Steele, 1997; Steele & 
Aronson, 1995). 
 
Model 4. After that, we controlled for feelings of shame at time point 1 for the analysis on feelings 
of shame in relation to using the home language. Whether students speak different languages on 
the playground was also taken into account, since students who use other languages may have 
more occasion to feel ashamed about their home language.  
For science achievement, we included three general control variables: gender, ethnic 
background, and educational level of the student’s mother. With regard to gender, previous 
research has shown that boys tend to attain higher scores in science than girls (e.g., Maerten-
Rivera et al., 2010). Likewise, students’ ethnic background has been found to affect their 
achievement (e.g., Agirdag, Van Houtte, & Van Avermaet, 2012a on maths achievement). Non-
native students and students from families with a low social background tend to fall behind 
more than others (e.g., Bellens & De Fraine, 2012). With regard to the latter, the educational 
level of the student’s mother was taken into account as an indication of students’ social 
background. This can give additional explanation in analyses on achievement (August & 
Shanahan, 2006). 
 
Model 5. The same general control variables were included for the analysis of feelings of shame. 
With regard to gender, females have been found to cope with negative feelings in different ways 
to males (Piccinelli & Wilkinson, 2000). Likewise, students’ ethnic background has been found to 
affect their feelings about themselves (Agirdag et al., 2012b on students' self-esteem). The 
educational level of the student’s mother was taken into account as an indication of students’ 
social background. This can give additional explanation in analyses on variables related to 
students’ linguistic background (Van der Slik, Driessen, & De Bot, 2006).  
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For science education, we finished the analyses by including three variables regarding 
achievement: a measure of science achievement at time point 1 (Martin et al., 2012), students’ 
reading comprehension in the language of instruction (O’Reilly & McNamara, 2007; Taboada, 
2012), and cognitive ability (August & Shanahan, 2006). 
 
Table 4: Building up the stepwise models for both dependent variables. 
 Science education scores Feelings of shame when using home 
language at playground 
Model 0 Unconditional model 
Model 1 Starting condition of schools before Validiv implementation 
 Linguistic diversity 
Positive use of linguistic diversity 
Teachers’ teachability expectations 
Linguistic diversity 
Positive use of linguistic diversity 
Model 2 Intensity of the Validiv project 
 Intervention condition 
Usage of Validiv-tools 
Total time spent in E-Validiv 
Student status in E-Validiv 
Proportion of time in other language in E-
Validiv 
Intervention condition 
Usage of Validiv-tools 
Total time spent in E-Validiv 
Student status in E-Validiv 
Proportion of time in other language in E-
Validiv 
Model 3 Specific control variables 
 Feelings of shame to use home language 
(TIME 2) 
Self-reported proficiency language of 
instruction 
Self-reported proficiency home language 
Model 4 General control variables Specific control variables 
 Educational level mother 
Gender 
Ethnic background 
Feelings of shame to use home language 
(TIME 1) 
Other languages used at playground 
Model 5 Specific control variables General control variables 
 Science achievement TIME 1 
Reading comprehension 
Cognitive ability 
Educational level mother 
Gender 
Ethnic background 
 
 
5. Results 
5.1 The Validiv-project and science education scores 
The results on the impact of the Validiv-project on students’ science achievement can be found 
in Table 5. The unconditional model of the multilevel linear regression indicated that 22.3% of 
the variance was located at school level (σ2u0 = 8.820, χ2 = 17.641, df = 1, p<.001). Therefore, we 
continued using a multilevel model to control for the nested structure of our data and to 
estimate the effects of school level characteristics.  
The indicators about the implementation of the Validiv-project on the school level remained 
non-significant throughout the different models. Concerning the variables related to the use of E-
Validiv on the student level, the results indicated that the total time spent in E-Validiv had a 
positive effect on the score for the science achievement test (χ2 = 12.995, df = 1, p<.001). 
However, when including the control variables regarding achievement, this effect dropped to a 
non-significant level (χ2 = 1.289, df = 1, p>.05). The disappearance of this effect might be 
 Table 5: Unstandardized regression coefficients and standard errors from the random intercept model (dependent variable: science achievement TIME 2) (n = 538). 
 Single level Model 0 Model 1 Model 2 Model 3 Model 4 Model 5 
Fixed part        
Intercept (cons) 24.879(0.211)*** 25.210(0.440)*** 24.943(0.267)*** 24.983(0.388)*** 25.339(0.414)*** 26.737(0.826)*** 25.791(0.651)*** 
School level        
Linguistic diversity   -6.012(1.620)*** -6.613(1.660)*** -6.678(1.710)*** -6.869(1.758)*** -5.989(1.327)*** 
Positive use linguistic diversity   -0.833(0.451)° -0.537(0.480) -0.514(0.486) -0.523(0.500) 0.072(00.378) 
Teachers’ teachability expectations   5.713(1.065)*** 5.274(1.145)*** 4.763(1.164)*** 2.991(1.258)* -0.305(0.961) 
Intervention cond. (ref. cat.: control)    -1.566(1.290) -1.282(1.307) -2.387(1.372)° -0.833(1.065) 
Usage of Validiv-tools    -1.603(2.622) -2.076(2.648) -0.779(2.599) 1.258(1.958) 
Student level        
Total time spent in E-Validiv    0.011(0.003)*** 0.010(0.003)*** 0.012(0.003)*** 0.003(0.003) 
Student status in E-Validiv (ref. cat.: 
LMi students without match) 
   -1.235(0.872) -1.276(0.893) -0.730(0.996) -0.787(0.797) 
Proportion of time in OL in E-Validiv    2.028(1.377) 2.110(1.376) 0.865(1.416) 0.932(1.116) 
Shame to use HL TIME 2 (ref. cat.: no)     -1.975(0.517)*** -2.501(0.569)*** -1.385(0.457)** 
Educational level mother (ref. cat.: 
continued education) 
       
No primary education      -3.135(1.393)* 0.205(1.112) 
Primary education      -2.269(0.948)* -0.133(0.756) 
Lower secondary education      -2.701(0.912)** -0.247(0.736) 
Higher secondary education      -1.944(0.585)*** -0.585(0.470) 
Gender (ref. cat.: boy)      -1.134(0.458)* -1.076(0.369)** 
Ethnic background (ref. cat.: Turkish)        
Belgian descent      1.112(0.682) 0.359(0.543) 
Moroccan descent      0.550(0.753) -0.070(0.593) 
Other descent      2.521(0.697)*** 1.421(00.554)* 
Science achievement TIME 1       0.407(0.050)*** 
Reading comprehension       0.299(0.051)*** 
Cognitive ability       0.059(0.007)*** 
Random part        
School level σ2u0 (between)  8.820(2.100)** 1.687(0.733) 1.414(0.723) 1.459(0.747) 1.222(0.757) 0.495(0.415) 
Student level σ2e0 (within) 38.410*** 30.697(1.529)*** 30.922(1.549)*** 30.358(1.639)*** 29.964(1.664)*** 26.779(1.696)*** 16.749(1.067)*** 
Model fit        
Deviance (-2LL) 5610.548 5508.462 5361.343 4619.844 4372.916 3357.988 3056.533 
χ2  102.086 147.119 741.499 246.928 1014.928 301.455 
df  1 3 5 1 8 3 
p  *** *** *** *** *** *** 
Reference model  Single level Model 0 Model 1 Model 2 Model 3 Model 4 
Variance at level 2        
ρ(%)  22.3% 5.2% 4.5% 4.6% 4.4% 2.9% 
°p<.1, *p<.05, **p<.01, ***p<.001 
Note: values in parentheses are standard errors; OL = other language; HL = home language 
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explained by the correlation between the time spent in E-Validiv and the control variables 
regarding achievement (r = .241, p<.01 for cognitive ability; r = .224, p<.01 for science 
achievement at time point 1; r = .248, p<.01 for reading comprehension). Whether students’ 
home languages matched the other language in E-Validiv (χ2 = 2.006, df = 1, p>.05) or the 
amount of time spent in the other language (χ2 = 2.171, df = 1, p>.05) was not related to 
students’ performance on the science achievement test either. This indicates that the Validiv-
project did not impact science achievement and therefore the answer to our first research 
question is negative. 
 
5.2 The Validiv-project and feelings of shame 
when using the home language  
Table 6 gives an overview of the results on the effect of the Validiv-project on feelings of shame 
with regard to using the home language. The original logit values for the regression coefficients 
were transformed to odds ratios. The unconditional model of the multilevel logistic regression 
indicated that 13.6% of the variance is located at school level. Although this variance was not 
significant (σ2u0 = 0.157, χ2 = 2.234, df = 1, p>.05), we nevertheless opted for multilevel analysis 
in order to integrate the conditionally relevant variables.  
When looking at the implementation of the Validiv-project at the school level, language 
minority students in intervention schools had more chance to feel ashamed for the use of their 
home language than students in control schools (χ2 = 4.267, df = 1, p<.05). However, the 
intensity of the use of the Validiv-tools shows that in schools where the Validiv-tools were used 
more often, students felt less ashamed than in other schools. Nevertheless, this effect was only 
borderline significant (χ2 = 2.861, df = 1, p<.1) and disappeared in the next step. The effect of the 
intervention condition remained positive until the last step, at which stage it also disappeared 
(χ2 = 1.988, df = 1, p>.05). 
Students’ individual use of E-Validiv did not seem to be related to feelings of shame: only the 
total time spent in E-Validiv showed an unsubstantial negative effect on feelings of shame (χ2 = 
3.099, df = 1, p<.1), which disappeared in the final model (χ2 = 0.742, df = 1, p>.05). 
In the final model, no significant effects of the Validiv-project remained. Therefore, the 
answer to the second research question is negative and we conclude that the Validiv-project did 
not influence students’ feelings of shame when using their home language on the playground. 
Nevertheless, we did find a significant negative effect for the self-reported proficiency in Dutch: 
students who believed they had a low proficiency in Dutch, the language of instruction, had more 
chance to feel ashamed when using their home language on the playground (χ2 = 15.025, df = 1, 
p<.001). High feelings of shame at the first time point also predicted high feelings of shame at 
the second time point (χ2 = 16.394, df = 1, p<.001). The use of other languages on the playground 
did not affect feelings of shame when using the home language (χ2 = 1.468, df = 1, p>.05). 
 
 Table 6: Unstandardized odds ratios and standard errors from the random intercept model (dependent variable: feelings of shame to use home language TIME 2) (n = 490). 
 Single level Model 0 Model 1 Model 2 Model 3 Model 4 Model 5 
Fixed part        
Intercept (cons) 0.286(0.084)*** 0.278(0.102)*** 0.281(0.101)*** 0.288(0.153)*** 0.266(0.158)*** 0.186(0.183)*** 0.176(0.417)** 
School level        
Linguistic diversity   1.725(0.568) 2.0843(0.656) 2.361(0.672) 2.096(0.662) 1.510(0.782) 
Positive use linguistic diversity   1.070(0.164) 1.087(0.182) 1.045(0.181) 1.091(0.168) 1.092(0.213) 
Intervention cond. (ref. cat.: control)    3.165(0.558)* 3.353(0.569)* 3.655(0.562)* 2.581(0.672) 
Usage of Validiv-tools    0.132(1.199)° 0.180(1.178) 0.213(1.116) 0.125(1.347) 
Student level        
Total time spent in E-Validiv    0.998(0.001)* 0.997(0.001)** 0.997(0.001)** 0.999(0.002) 
Student status in E-Validiv (ref. cat.: 
LMi students without match) 
   0.725(0.378 0.764(0.393) 0.703(0.409) 0.650(0.507) 
Proportion of time in OL in E-Validiv    0.943(0.600) 0.743(0.617) 0.745(0.627) 0.708(0.702) 
Self-reported proficiency LOI     0.526(0.166)*** 0.543(0.170)*** 0.495(0.203)*** 
Self-reported proficiency HL     1.045(0.138) 1.005(0.140) 1.244(0.167) 
Shame to use HL TIME 1      2.270(0.203)*** 2.514(0.244)*** 
OLs used at playground      0.896(0.091) 0.845(0.111) 
Educational level mother (ref. cat.: 
continued education) 
       
No primary education       0.684(0.644) 
Primary education       0.301(0.615)° 
Lower secondary education       1.155(0.431) 
Higher secondary education       0.919(0.290) 
Gender (ref. cat.: boy)       0.698(0.242) 
Ethnic background (ref. cat.: Turkish)        
Belgian descent       1.164(0.373) 
Moroccan descent       2.307(0.371)* 
Other descent       1.627(0.355) 
        
Random part        
School level σ2u0 (between)  0.157(0.105) 0.134(0.100) 0.117(0.107) 0.080(0.103) 0.00(0.000) 0.000(0.000) 
Student level σ2e0 (within) 1.000(0.000) 1.000(0.000) 1.000(0.000) 1.000(0.000) 1.000(0.000) 1.000(0.000) 1.000(0.000) 
        
Variance at level 2        
ρ(%)  13.6% 11.8% 10.5% 7.4% 0.0% 0.0% 
°p<.1, *p<.05, **p<.01, ***p<.001 
Note: values in parentheses are standard errors; OL = other language; LOI = language of instruction; HL = home language 
 
Chapter 7 
 
194 
 
5.3 Mediation of the Validiv-project and science achievement 
We did not find any effect of the Validiv-project on students’ science achievement. Therefore, it 
was not possible to answer the third research question affirmatively. However, a negative effect 
of feelings of shame when using the home language on the playground was found for the score 
on the science achievement test (χ2 = 14.594, df = 1, p<.001): students who felt ashamed about 
using their home language on the playground tended to score lower on the science achievement 
test. This effect remained significant, even after controlling for the demographic background 
variables and the variables regarding achievement (χ² = 9.183, df = 1, p<.01).  
 
6. Discussion and conclusion 
Today’s schools are characterized by a large linguistic diversity, particularly in urban settings. 
Moreover, language minority students face more challenges in attaining the same level of 
academic achievement in comparison to language majority students for language, mathematics 
as well as science education (Martin et al., 2012; OECD, 2010; Van Laere, Aesaert, & van Braak, 
2014). According to public opinion, using a different language at home than the language of 
instruction is one of the main barriers for language minority students’ achievement. As a 
consequence, the focus in schools exclusively lies on learning in and through the language of 
instruction (Ramaut & Sierens, 2011; Van den Branden & Verhelst, 2011). Nevertheless, 
language minority students’ home language can also be considered as an asset in the classroom 
practice and integrated as a support tool for their learning process (Sierens & Van Avermaet, 
2014). Therefore, the Validiv-project aimed to appeal to all students’ home languages at school, 
thereby fostering both cognitive and non-cognitive outcomes. In this study, the effectiveness of 
the Validiv-project on both language minority students’ science achievement and feelings of 
shame towards using their home language was examined. Additionally, we studied whether 
feelings of shame mediate the relationship between the Validiv-project and science achievement.  
With regard to the first research question about the impact of the Validiv-project on science 
achievement, we conclude that the project did not produce any significant changes on students’ 
performance. A possible explanation for this is that schools did not apply the Validiv-tools, such 
as the CBLE E-Validiv, in a thorough way. Accordingly, the tools might not have been integrated 
comprehensively enough in both the classroom practice and the broader school environment to 
produce a learning effect on science achievement, as school improvement research suggests the 
importance of innovating both the classroom and the school level (Hopkins, 2001). The 
innovative practice of allowing students’ home language in the school context may also have 
been adapted to the daily school routine in such a way that the innovation loses its potential 
strength (Illich, 1970). This might explain why the anticipated advantages of including students’ 
multilingualism at school do not clearly show. 
A closer look at the analyses shows that the total time spent in E-Validiv indeed leads to a 
significant improvement in language minority students’ science achievement, but only until the 
factors with regard to learning achievement are integrated. The external coaches, who were 
responsible for the valorization of the different Validiv-tools, offered a possible explanation for 
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this finding. They noticed that particularly students who finished their regular classwork sooner 
than their classmates could work on E-Validiv as a way of differentiation. This might explain why 
students with stronger achievement scores spent more time on E-Validiv. However, more 
research is needed to unravel these relationships.  
The finding that it does not play a role for science achievement whether language minority 
students have their home language available in E-Validiv or dedicate a lot of time to their home 
language indicates that these students may not yet fully appeal to their home language as a 
support tool for their learning process (Clark et al., 2012; Jiménez et al., 1996). Again, this may 
be partly explained by the low intensity of E-Validiv use in general. Students need a safe 
environment and sufficient time to ensure that learning occurs (e.g., Solis, Miciak, Vaughn, & 
Fletcher, 2014). Moreover, teachers need support in order to move through a process of change 
and professional development (Harris, 2002). However, the finding also indicates that giving 
room to other languages in general, and language minority students’ home languages in 
particular, does not do any harm to students’ science achievement. 
Regarding the impact of the Validiv-project on students’ feelings of shame towards using 
their home language, the findings equally show that neither the general use of the tools at school 
level nor the specific use of E-Validiv by the students play a role in changing shameful feelings 
about the home language once the control variables are integrated. For example, students seem 
to be less likely to feel ashamed of using their home language when they spend more time on E-
Validiv until their background characteristics are taken into account. Furthermore, feelings of 
shame with regard to using the home language do not play a significant role in the effectiveness 
of the Validiv-project on science achievement.  
However, shame with regard to using the home language is in itself significantly and 
negatively related to science achievement: the more language minority students feel ashamed 
about using their home language, the weaker they perform on science subjects. As such, 
language minority students who feel ashamed about using their home language face a great 
challenge in attaining a sufficient level in their science achievement. Their feelings of shame 
might pose an obstacle to their achievement. Moreover, language minority students who believe 
they have a low proficiency in the language of instruction are even more likely to feel ashamed 
when using their home language. This might be due to the fact that the home language is often 
seen as the cause of academic failure in a context in which the language of instruction is deemed 
so important, as has been expressed by teachers (Van den Branden & Verhelst, 2011) and 
students (Agirdag, 2010).  
We conclude that the Validiv-project has not yet made a significant contribution to changing 
language minority students’ science achievement and feelings of shame in a positive way. 
Different reasons can be put forward for this. First, a more thorough implementation trajectory 
of such a large-scale project is probably necessary to produce observable and positive results (cf. 
Corcoll, 2013; Snow, 1990; Yeung, Marsh, & Suliman, 2000). Related to this, more intensive 
investment is needed in the professionalization of teachers and school leaders. Teachers’ 
mindsets towards innovations are considered crucial for the implementation process to succeed 
(Fullan, 2001). However, time and human resources lacked in the Validiv-project, which could 
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have provided teachers with the support and encouragement they needed to successfully make 
changes in their everyday teaching practice (Stoll et al., 2003). For example, there were only 
three part-time external coaches for 29 different schools. As a consequence, there was a rather 
weak and incoherent implementation of the Validiv-tools (cf. Gersten & Baker, 2000; Yeung et 
al., 2000). Through focusing on this professionalization (August, Branum-Martin, Cardenas-
Hagan, & Francis, 2009; Cheung & Slavin, 2012), a strong vision on how linguistic diversity in 
schools can be approached in a positive way can be developed, supported, and sustained by the 
teachers in a safe environment, such that they can take ownership in integrating the core ideas 
of the project into the classroom practice (Harris, 2002). 
This study also has different limitations, which can be considered in further research. For 
example, the science achievement test has been administered in the language of instruction only. 
This may have limited students’ ability to demonstrate their competence (Collier, 1992; Lee, 
1986). Tests in students’ home language could have given a broader picture. However, in the 
context of the present study, this was not possible because of the large linguistic diversity in our 
sample and the lack of comparable tests of sufficient quality for the different languages. 
Furthermore, no clear judgments can be made about causal relationships as our data were not 
collected in the context of a longitudinal design. Additionally, the use of qualitative data (e.g., 
interviews, observations,…) can help in enriching the findings of this study. 
In sum, the Validiv-project can be considered as an important step forward in including every 
student’s full linguistic repertoire in the field of education. Although it has not resulted in 
observable changes in language minority students with regard to both their science achievement 
and their feelings of shame in using their home language, it has contributed to insights into the 
possible obstacles as well as levers to successfully implement large-scale educational 
interventions in general, and projects aimed at valorizing multilingualism in particular. Giving 
attention to language awareness for all students and to language minority students’ home 
language as a support tool in their learning process should be given more consideration in future 
long-term projects. Furthermore, more investment should be made in both a general policy, a 
school vision, and classroom practices in which multilingualism is considered as a resource 
instead of a burden. 
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Chapter 8 
General discussion and conclusion 
 
 
Abstract 
The general aim of this dissertation was to gain insight into the significance of educational 
technology to support the linguistic diversity present in today’s schools, and particularly to 
integrate language minority students’ home language in their learning process. Therefore, a 
computer-based learning environment with a multilingual character was developed, which offers 
content in the language of instruction and one of six other languages. For language minority 
students who have their home language available, the other language is set to that language. To 
pursue the general aim of this dissertation, six different studies were conducted. This concluding 
chapter gives an overview of the main findings of the different studies within the framework of the 
four presented research objectives. This is followed by a comprehensive discussion of the results 
along six different themes, focusing consecutively on language minority students’ home language as 
a support, barriers that may hinder its use, the value of educational technology, the role of the 
teacher, valuing linguistic diversity for all, and an innovation project as a complex process of 
change. Moreover, limitations of this dissertation as well as possible directions for future research 
are considered. The chapter concludes with implications for theory, empirical research, practice 
and policy. 
 
1. Introduction 
Due to the large cultural and linguistic diversity in many of today’s societies (Vertovec, 2007), a 
substantial group of students enter the classroom with a varied linguistic repertoire (Van den 
Branden & Verhelst, 2011). However, the language of instruction (i.c., Dutch) is most often seen 
as the only suitable medium for communication, teaching, and learning in the school context; the 
competences developed in languages other than the language of instruction are generally not 
acknowledged (Hélot, 2012). Regarding language minority students, who use a language at 
home other than the language of instruction, their home language is even considered as an 
impediment for a successful school career, both by educational policymakers and teachers (e.g., 
Pulinx, Agirdag, & Van Avermaet, 2014; Zuengler & Miller, 2006). A strong proficiency in the 
language of instruction is prioritized in order to heighten language minority students’ chances 
for full participation in school, the labour market, and the broader society (Lanauze & Snow, 
1989; Pulinx et al., 2014). Hence, they are immersed in the language of instruction, while the 
competence in their home language is ignored as a resource for learning and even excluded from 
the classroom practice (Agirdag, 2010; Goldenberg, 2008; Helot & Young, 2002; Kenner, 
Gregory, Ruby, & Al-Azami, 2008). However, in light of the achievement gap between language 
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minority and language majority students (e.g., Martin, Mullis, Foy, & Stanco, 2012; OECD, 2009; 
2010), language minority students’ home language can also be integrated in the classroom 
practice as a support tool to foster their learning process in the language of instruction (e.g., 
Jiménez, García, & Pearson, 1995; Kenner et al., 2008; Vygotsky, 1978). 
While the appeal to language minority students’ home languages in educational programs can 
take different forms (García, Kleifgen, & Falchi, 2008), the existing approaches become less 
feasible in linguistically diverse contexts, with classrooms consisting of students with various 
linguistic backgrounds. Functional multilingual learning can offer a viable alternative through 
considering every student’s full linguistic repertoire as a resource for learning (Sierens & Van 
Avermaet, 2014). In this approach, language minority students’ home languages are 
intentionally employed as a lever in their learning process, with the aim of fostering proficiency 
in the language of instruction as well as knowledge acquisition and skill development in both 
languages (Jiménez et al., 1995, 1996; Langer, Bartolome, Vasquez, & Lucas, 1990; Upton & Lee-
Thompson, 2001). Both students’ academic achievement and socio-emotional well-being are 
attended to (Sierens & Van Avermaet, 2014). 
Educational technology, and more specifically computer-based learning environments 
(CBLEs), can be put forward as a promising means to set up functional multilingual learning in 
linguistically diverse classrooms. CBLEs have already been proven to foster the acquisition of 
complex knowledge and skills (Lajoie & Azevedo, 2006). Moreover, they can offer authentic 
language support (Clark, Touchman, Martinez-Garza, Ramirez-Marin, & Drews, 2012). This 
enables an inclusive classroom approach in which all students can utilize their full linguistic 
repertoire and benefit from the linguistic diversity present in the classroom. As such, language 
minority students can appeal to content in their home language as a stepping stone to promote 
knowledge acquisition in the language of instruction (Sierens & Van Avermaet, 2014). Moreover, 
language majority students can be introduced to a foreign language, which can stimulate their 
metalinguistic awareness (Hélot, 2012). Still, as has been shown in Chapter 1, the research on 
functional multilingual learning, and the integration of educational technology in this approach, 
is still highly uncharted. The present dissertation has aimed to address this gap by combining 
insights on educational technology and bilingual development. 
 
2. Research objectives 
The main aim of this dissertation was to gain insight into the use and outcomes of a CBLE, 
developed to support the linguistic diversity present in primary education, and more specifically 
to integrate language minority students’ home language in their learning process. Four specific 
research objectives were outlined in Chapter 1 to address this general aim: 
 
Research objective 1: To determine whether student characteristics and school 
characteristics relate to science achievement, with a specific 
focus on students with a home language other than the language 
of instruction. 
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Research objective 2: To design, develop, and test a CBLE with a multilingual character 
in order to support knowledge acquisition in the domain of 
science education. 
 
Research objective 3  To determine whether student characteristics and classroom 
characteristics relate to the use of bilingual content in the 
developed multilingual CBLE, with a specific focus on the time 
dedicated to both languages, the activity of code-switching, and 
the use of text-to-speech. 
 
Research objective 4: To examine the effect of a project aimed at integrating language 
minority students’ home languages in the school context on 
students’ science achievement and socio-emotional well-being, 
with a specific focus on the use of the developed multilingual 
CBLE. 
 
These different research objectives were addressed in the empirical studies that were 
described in Chapters 2 to 6. Therefore, studies applying both a quantitative and a qualitative 
approach were set up, with a strong orientation towards a quantitative methodology. The data 
for the different studies were based on an intervention that was set up in 60 schools. Before and 
after the intervention, students were administered a questionnaire and a number of learning 
achievement tests. The intervention consisted of the use of E-Validiv, a CBLE with a multilingual 
character, offering content in the language of instruction (i.c., Dutch) and one of six other 
languages (i.c., English, French, Italian, Spanish, Polish, Turkish). The students were followed 
from the middle of fourth grade until the end of fifth grade while using E-Validiv.  
The first research objective was dealt with in Chapter 2 by means of a survey study. More 
specifically, student characteristics regarding students’ background, the language of instruction, 
and the home language, and school characteristics regarding school composition and 
teachability expectations were examined in relation to fourth-grade students’ science 
achievement.  
To realize the second research objective, a literature review was conducted. This led to the 
presentation and discussion of a collection of design guidelines for CBLEs aimed at fostering 
knowledge acquisition in linguistically diverse classrooms, as shown in Chapter 3. These 
guidelines can direct the development of CBLEs which particularly target the integration of 
language minority students’ home language in their learning process. Furthermore, the CBLE E-
Validiv served as an illustration of how the offered design guidelines can be translated into 
practice.  
The third research objective was addressed in Chapter 4, Chapter 5, and Chapter 6. The focus 
was respectively on the use of the bilingual content, studied by means of the time dedicated to 
both languages and the activity of code-switching; the use of text-to-speech technology in the 
two available languages; and language minority students’ motives to use the language of 
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instruction, their home language and the related support tools. Whereas the studies reported in 
Chapter 4 and Chapter 5 followed a quantitative design, the approach for the study reported in 
Chapter 6 was qualitative by nature. 
The fourth research objective was dealt with in Chapter 7, in which the effectiveness of an 
intervention, aimed at integrating language minority students’ home language in the classroom 
practice and the broader school context, was examined by means of a pretest-posttest design. 
The impact of the Validiv-project on both students’ science achievement and feelings of shame in 
using the home language was studied. 
 
3. Main results 
In the following sections, the main findings of the different studies, as reported in Chapter 2 to 6, 
are discussed in relation to the four research objectives. In Figure 1, the schematic overview of 
the dissertation is once more given, together with the four research objectives, the 
interrelatedness between the different chapters and the main findings of the various studies. 
 
3.1 Research objective 1: Student and school characteristics related to 
science achievement 
In order to meet the first research objective, a survey study was set up, in which both student 
and school level characteristics were examined in relation to students’ science achievement. 
More specifically, student characteristics regarding students’ background, the language of 
instruction, and the home language, and school characteristics regarding school composition and 
teachability expectations were taken into account. As described in detail in Chapter 2, 1761 
fourth-grade students from 67 schools were administered a background questionnaire, a 
reading performance test, and a science achievement test. Their parents (n = 1562) as well as 
their teachers (n = 1255) were also asked to fill in a questionnaire. Data were analyzed by means 
of multilevel hierarchical regression analyses. 
The findings show that particularly student characteristics are related to science 
achievement. First of all, language minority students, who have a home language other than the 
language of instruction, experience considerable difficulties to achieve highly on science topics. 
This is in line with previous research (e.g., Bellens, Arkens, Van Damme, & Gielen, 2013; 
Maerten-Rivera, Myers, Lee, & Penfield, 2010; Martin et al., 2012; OECD, 2009) and provides 
evidence for the double challenge language minority students are faced with (Goldenberg, 
2008). Just like language majority students, they have to acquire new literacy skills, which are 
characteristic for an academic context and which are needed to develop scientific knowledge 
and skills. However, language minority students must become proficient in these skills in the 
language of instruction, which they are often still struggling with. Moreover, competence in the 
language of instruction plays an important role in science achievement: the higher students’ 
performance on reading comprehension and self-assessed proficiency in the language of 
instruction, the higher their score on the science achievement test. Hence, contributing time and 
effort to science education may also help to develop literacy in the language of instruction (cf. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Note: LMi = language minority; HL = home language; LOI = language of instruction; TTS = text-to-speech 
 
Figure 1: Schematic overview of the dissertation chapters, their relation to the different research objectives, and the main findings of the studies. 
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To determine student and 
school characteristics related to 
science achievement 
 
 
 
 
 
 
 
 
 
RO 2 
To design, develop, and test a 
CBLE with a multilingual 
character to support knowledge 
acquisition in the domain of 
science education 
RO 3 
To determine student and 
classroom characteristics 
related to the use of the 
bilingual content in the 
multilingual CBLE 
RO 4 
To examine the effect of a 
project aimed at integrating 
students’ home languages on 
their science achievement and 
socio-emotional well-being 
 
Chapter 2 
 LMi students face problems 
to achieve highly on science 
 Schools’ teachability 
expectations are positively 
related to science 
achievement 
Chapter 3 
 Design guidelines focusing 
on linguistic diversity, 
learning, and instruction 
 Presentation of the CBLE   
E-Validiv as an illustration 
of the design guidelines 
Chapter 5 
 LMi students use TTS in 
their HL while their main 
focus is on the LOI 
 HL self-assessed proficiency 
and linguistic resources in 
the LOI also play a role 
Chapter 4 
 LMi students dedicate time 
to content in their HL but 
mainly focus on the LOI 
 HL self-assessed proficiency 
and mastery of science 
content also play a role 
 LMi students who feel more 
confident in their HL spend 
more time in that language 
Chapter 6 
 Functional use of HL, mainly 
to construct meaning 
 Use of TTS to improve 
understanding of content 
 LMi students also encounter 
barriers to use their HL 
Chapter 7 
 No change in LMi students’ 
science achievement or 
shame in using their HL 
 Shame in using the HL is 
negatively related to 
science achievement 
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Maerten-Rivera et al., 2010; O’Reilly & McNamara, 2007; Taboada, 2012). Furthermore, in line 
with previous research on gender (Gielen, Bellens, Belfi, & Van Damme, 2012; Maerten-Rivera et 
al. 2010) and socioeconomic status (SES) (Duncan, Yeung, Brooks-Gunn, & Smith, 1998; White, 
1982) respectively, boys tend to score higher on science subjects than girls, just like students 
who come from families with a higher SES.  
With regard to school characteristics, the results indicate that students attending schools 
where teachers have higher teachability expectations of the student population perform at a 
higher level for science subjects (cf. Agirdag, Van Avermaet, & Van Houtte, 2013). Moreover, a 
school’s teachability expectations are highly and negatively correlated with the school 
proportion of language minority students. This indicates that teachers being part of schools with 
a high number of students using a language at home other than the language of instruction have 
lower expectations regarding their students. Furthermore, students in these schools face more 
challenges to attain a high level in science education. The school composition with regard to SES 
is no longer related to students’ science achievement once the proportion of language minority 
students is taken into account. This may be explained by the observation that a considerable 
number of language minority students in Flanders belong to families with a low SES (Van den 
Branden, 2010).  
 
3.2 Research objective 2: A CBLE with a multilingual character to support 
knowledge acquisition in the domain of science education 
While a considerable group of students in today’s classrooms use a language at home other than 
the language of instruction, the appeal to language minority students’ home language as a way to 
support their learning process is still largely underexplored. Although CBLEs are a promising 
means to realize this functional multilingual learning, CBLEs integrating language minority 
students’ home language are still scarce. Moreover, the theoretical rationale underlying the 
development of such CBLEs is often not made explicit. Therefore, a broader understanding of 
crucial factors in the development of CBLEs aimed at fostering knowledge acquisition in 
linguistically diverse classrooms was needed. Hence, the second research objective was 
addressed in Chapter 3. 
By means of a literature review, a collection of nine design guidelines, which are organized in 
three clusters, were formulated and discussed. The clusters respectively focus on linguistic 
diversity, learning, and instruction. This division was guided by three assumptions, namely that 
insights on how the home language can support language minority students in their learning 
process need to be considered (e.g., Clark et al., 2012), that CBLEs should reflect the established 
understanding of how the human mind works (Mayer, 2010), and that instruction should be 
aimed at facilitating learning (Spector, Johnson, & Young, 2014). The cluster on linguistic 
diversity discusses the need for an equal approach to languages (Vygotsky, 1978), the transfer 
between languages (Cummins, 1979), and the usefulness of a dual modality approach in CBLEs 
with multilingual content (Mayer, 2010). The cluster on learning focuses on individual 
knowledge acquisition (Mayer, 2010), individual knowledge application (van Merriënboer & 
Kester, 2010), and the responsibility students need to take in CBLEs to direct their own learning 
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process through self-regulated learning (Pintrich, 2005; Zimmerman, 2005). Finally, the cluster 
on instruction concentrates on the importance of offering structure (Sweller & Chandler, 1994) 
and guidance (Hattie & Timperley, 2007; Moreno & Mayer, 2007) in CBLEs, as well as the need 
to appeal to students’ prior knowledge so that they can make connections with new content (van 
Merriënboer & Kester, 2010). The combination of theoretical insights with empirical findings 
and practical considerations in an authentic context ensures that the design guidelines are 
rooted in both theory and practice. 
Furthermore, E-Validiv is presented as a CBLE with a multilingual character, offering content 
on science topics in seven different languages for students from upper primary education. The 
structure of the CBLE and the different support tools built into it are described in relation to the 
offered design guidelines. This illustrates how the design guidelines can be put to use. Hence, the 
theoretical rationale and the related assumptions behind the design of the CBLE are brought to 
the fore.  
 
3.3 Research objective 3: Student and classroom characteristics related to 
the use of bilingual content in the multilingual CBLE 
With research objective 3, we aimed to gain more insight into the use of the bilingual content 
and the related support tools in the CBLE E-Validiv. Three different studies were set up, namely 
two with a quantitative design (Chapter 4 and Chapter 5) and one with a qualitative design 
(Chapter 6). For all three studies, logfiles giving an overview of students’ activity in E-Validiv 
were used. The data from the survey study (Chapter 2) were applied as control variables. 
Additionally, video recordings from six students’ activity within one subtheme of E-Validiv 
served as input for interviews with these students by means of stimulated recall for the study 
reported in Chapter 6.  
The study described in Chapter 4 first explored how students approach the bilingual content 
offered in E-Validiv, i.e., content in the language of instruction and one of six other languages, 
which is the home language for language minority students and a foreign language for language 
majority students. The focus was on the time dedicated to the content in both languages and the 
activity of code-switching by means of a language switch button for 250 fourth-grade students 
who completed the same subtheme within E-Validiv. Next, it was examined whether student 
characteristics regarding students’ home language, background, and learning achievement, and 
classroom characteristics regarding the presence of linguistic diversity and the positive use of 
linguistic diversity by the teacher could explain differences in the time spent in both languages 
and the activity of code-switching. Multilevel hierarchical regression analyses were applied, with 
data based on the survey study and the logfiles from E-Validiv. 
The findings show that student characteristics related to students’ home language play an 
important role in the use of the bilingual content. More specifically, language minority students 
dedicate more time to the content in their home language, in comparison to the time language 
majority students spend in the foreign language. Nevertheless, language minority students’ main 
focus remains on the content in the language of instruction. This suggests that they principally 
appeal to the content in their home language as a support tool for their learning process (Clark 
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et al., 2012; Jiménez et al., 1996; Msimanga & Lelliott, 2014). Furthermore, language minority 
students who assess themselves as more highly proficient in their home language approach the 
content even more in their home language than language minority students who do not think 
highly of their competence in their home language. Research has shown that language minority 
students who are highly proficient in their home language benefit from it for their academic 
achievement in the language of instruction (Lanauze & Snow, 1989; Riches & Genesee, 2006; 
Yeung, Marsh, & Suliman, 2000). Our finding may indicate that especially students who feel more 
confident in their home language may profit from the use of the support in their home language 
as they appeal to it more as an aid for their knowledge acquisition in the language of instruction. 
However, more research is needed in the context of E-Validiv, with studies focusing on outcomes 
related to science achievement. 
Generally, both language minority and language majority students switch to the content in 
the other language. Hence, while language minority students appeal to their home language, 
language majority students also tend to dedicate time to the content in the foreign language. As 
language majority students often already have some notion of the foreign language they have 
access to (Declercq, Denies, & Janssen, 2012; Kuppens, 2007), they may be triggered to explore 
the content in the foreign language. Through making connections between the content in both 
languages, they can broaden their understanding of how languages work. Accordingly, this can 
stimulate the development of their metalinguistic awareness (Hélot, 2012; Kenner et al., 2008; 
Martin-Beltran, 2010). 
Furthermore, students who have a good mastery of science content dedicate more time to the 
content in the language of instruction than in the other language and also switch more often to 
the language of instruction. Thus, language majority students who already perform well on 
science topics seem less inclined to switch to the content in the foreign language. Moreover, high 
achieving language minority students may be less in need of appealing to their home language, 
as they do not experience difficulties with the content in the language of instruction. 
Boys and girls tend to approach the bilingual content in E-Validiv in the same way, just like 
students from different socioeconomic backgrounds. Moreover, it does not seem to matter 
whether students have a weak or strong level of reading comprehension in the language of 
instruction for the way the bilingual content is appealed to. This finding differs from other 
research showing that the level of reading comprehension indeed has an impact on the way 
content in CBLEs is approached (Moreno & Durán, 2004; Snow, Jackson, & McNamara, 2014). 
Regarding the activity of code-switching, operationalized as the use of the language switch 
button to shift from one language to the other, the results indicate that language minority and 
language majority students do not apply it in a distinct way. However, this is a skill that is highly 
common in bilinguals (Celic & Seltzer, 2011; Macaro, 2005; Unamuno, 2008). Moreover, 
although differences between classrooms have been determined with regard to the way the 
bilingual content is approached in E-Validiv, this cannot be sufficiently explained by the 
linguistic background of the students in the classroom nor by the room that is given to linguistic 
diversity by the teacher. 
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The use of auditory support in the language of instruction and the other language (i.e., the 
home language for language minority students and a foreign language for language majority 
students) was the focus of the study reported in Chapter 5. Moreover, it was examined whether 
student characteristics regarding students’ home language, the language of instruction, their 
background, and their learning achievement were related to the use of text-to-speech in both 
languages in E-Validiv. Data from 360 fifth-grade students who had access to spoken words (i.e., 
the auditory modality), next to on-screen text (i.e., the visual modality), were analyzed by means 
of multilevel hierarchical regression analyses.  
The results show that language minority students who can access their home language in E-
Validiv use text-to-speech more in their home language than language majority students, for 
whom the other language is a foreign language. This is in accordance with research stating that 
auditory support can be particularly supportive for language minority students, next to on-
screen text (Adesope & Nesbit, 2012; Kalyuga, 2012). However, in line with the time dedicated to 
both languages (cf. Chapter 4), language minority students also tend to use text-to-speech 
mostly in the language of instruction.  
Moreover, both language majority and language minority students who assess themselves as 
less proficient in their home language (respectively Dutch or another language) use text-to-
speech more in the language of instruction, compared to students who are highly confident of 
the proficiency in their home language. Nevertheless, research has shown that students with a 
low level of proficiency in a certain language can benefit from the combined input of on-screen 
text and spoken words for their learning (Chang, Tseng, & Tseng, 2011; Montali & Lewandowski, 
1996; Mueller, 1980). 
Students who read more books and watch more television in the language of instruction also 
make more use of text-to-speech in the language of instruction. Indeed, research shows that the 
use of books and television can foster vocabulary development (e.g., Leppänen, Aunola, & Nurmi, 
2005), text comprehension (e.g., Guthrie, Schafer, & Huang, 2001; Webb & Rodgers, 2009), and 
general knowledge (e.g., Cox & Guthrie, 2001). Hence, students may feel most confident in 
appealing to text-to-speech in the language of instruction. The use of linguistic resources in 
other languages do not seem to matter for the way text-to-speech is applied. Moreover, 
differences in reading performance in the language of instruction do not lead to a distinct use of 
text-to-speech in either language. In addition, although other studies have shown that students 
with low prior knowledge take more advantage from audiovisual presentations (Leslie, Low, Jin, 
& Sweller, 2012; Mayer & Gallini, 1990; Mayer, Steinhoff, Bower, & Mars, 1995), this study does 
not indicate that prior knowledge on science topics matters for the use of auditory support in 
either language. Furthermore, boys and girls use bilingual text-to-speech in a similar way, just 
like students from different socioeconomic backgrounds. Although differences at classroom level 
have been pointed out, the available data could not give sufficient explanation for these 
differences.  
The study reported in Chapter 6 focuses on the interaction with the CBLE E-Validiv of six 
fifth-grade language minority students who have their home language available, next to the 
language of instruction. More specifically, attention is given to the way these students appeal to 
Chapter 8 
216 
 
their home language and the related use of the different tools integrated in the CBLE. The 
combination of the descriptive statistics from the logfiles with a cross-case analysis of content 
features in the interview data offers a deeper understanding of students’ motives behind the use 
of the tools. As such, this study could enrich the findings from the studies reported in Chapter 4 
and Chapter 5. 
The results confirm that language minority students spend most of their time in E-Validiv on 
the content in the language of instruction. They also switch to the content in their home 
language, but only do this occasionally. The main reason to switch to the home language is to 
understand difficult words. This refers to an intentional way of code-switching, namely to find 
the meaning of a word (Ferguson, 2003). Next to that, students also go from their home language 
to the language of instruction to understand words and to focus on content. Hence, language 
minority students particularly apply their home language in a functional way to assist their 
learning process in the language of instruction. 
With regard to text-to-speech technology, the students point out that it is a useful tool to 
improve their understanding of the content, both in the language of instruction and their home 
language. As language minority students often use their home language in an oral way, text-to-
speech can be especially supportive to ensure that they can make sense of the content in their 
home language. The digital notebook is also used by the students, notably to highlight important, 
new or challenging content, to process new information, and to assist them in solving exercises.  
While students do appeal to their home language to support their learning process, they also 
encounter barriers to strategically utilize it as a resource (cf. Jiménez et al., 1995). For example, 
some students state that they rarely switch to their home language as they think their 
proficiency in their home language is weak. Related to this, students argue that they are more 
proficient in Dutch, the language of instruction, than in their home language. The fact that they 
are enrolled in a Dutch-speaking school may play an important role in this Furthermore, 
language minority students sometimes run into problems with academic vocabulary, both in 
their home language and the language of instruction (cf. Cummins, 2008): when they do not 
understand a concept in the language of instruction, their home language cannot always provide 
them with the necessary support to overcome the obstacle. 
 
3.4 Research objective 4: Effect of a project integrating language minority 
students’ home languages on their science achievement and socio-
emotional well-being 
In order to realize the fourth research objective, an intervention with a pretest-posttest design 
was set up and reported on in Chapter 7. The impact of the intervention was studied for both 
students’ achievement and socio-emotional well-being, focusing respectively on science 
achievement and feelings of shame in using the home language. The intervention comprised the 
Validiv-project, which aimed to integrate language minority students’ home language in the 
school context by means of three different tools: E-Validiv, the CBLE with a multilingual 
character for fourth- and fifth-grade students, offering a broad range of topics related to science; 
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the Validiv Case Collection, a guide for teachers with suggestions to appeal to students’ full 
linguistic repertoire during classroom activities; and the School Policy Guide, an aid for the 
school team to set up a language policy plan with a positive focus on linguistic diversity. The 
intervention took place in two consecutive school years, in which students were followed from 
the middle of fourth grade until the end of fifth grade. In total, 60 primary schools participated in 
the study: while 29 schools were part of the intervention condition, 31 schools were assigned to 
the control condition. Before and after the intervention, 865 language minority students filled in 
a background questionnaire, a reading performance test, and a science achievement test. The 
posttest also contained a test on cognitive ability. Multilevel hierarchical regression analyses 
were performed for the dependent variable of science achievement; multilevel binomial logistic 
regression analyses were used for the dependent variable of shame in using the home language. 
Variables directly related to the Validiv-project were taken into account at both student and 
school level, focusing respectively on the intensity of the use of E-Validiv and the intensity of the 
use of the developed Validiv-tools in its entirety. 
The findings show that the Validiv-project has not resulted in a significant change in language 
minority students’ science achievement nor in their feelings of shame in using their home 
language. Furthermore, feelings of shame with regard to using the home language do not play a 
significant role in the effectiveness of the Validiv-project on science achievement. However, the 
results do indicate that feelings of shame in using the home language are in itself significantly 
and negatively related to science achievement: the more language minority students experience 
shameful feelings about their home language, the weaker their science achievement. Hence, for 
language minority students who feel ashamed about using their home language, these feelings 
may actually jeopardize their opportunities to achieve highly on science subjects (cf. Gort, 2012; 
Storch & Aldosari, 2010; Storch & Wigglesworth, 2003). Moreover, language minority students 
who do not think highly of their proficiency in the language of instruction have a greater chance 
of feeling ashamed when using their home language. This might be induced by teachers as well 
as students perceiving the home language as the cause of academic failure (Agirdag, 2010; Van 
den Branden & Verhelst, 2011). 
 
4. General discussion 
In this section, the main results from the different studies are framed within six general themes. 
Hence, the strengths of the dissertation are discussed and the findings are assessed within a 
broader framework. The themes respectively focus on language minority students’ home 
language as a support, barriers that may hinder its use, the value of educational technology, the 
role of the teacher, valuing linguistic diversity for all, and an innovation project as a complex 
process of change. 
 
4.1 Language minority students’ home language as a support 
One of the main findings of this dissertation is that language minority students who use a CBLE 
in the context of science education, offering content in both the language of instruction and their 
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home language, mainly focus on the content in the language of instruction. They access their 
home language, but only on an occasional basis. This has been shown in Chapter 4 on the use of 
the bilingual content, Chapter 5 on the use of bilingual auditory support, and Chapter 6 on the 
interaction with the CBLE E-Validiv and the motives behind the use of the integrated support 
tools. Language minority students’ home language primarily functions as a stepping stone to 
mediate their learning process in the language of instruction. They use their home language in a 
functional way, while their main goal is to acquire knowledge and skills in the language of 
instruction (cf. Ferguson, 2003; Sierens & Van Avermaet, 2014). 
As the findings from Chapter 6 show, students’ main reason to switch from the language of 
instruction to their home language is to advance understanding: when they encounter difficult 
words in the language of instruction, they look at whether the translation in their home language 
can help them, and continue in the language of instruction. Hence, from the different functions of 
the home language specified in Chapter 1, the home language as an information source to 
construct meaning (Langer et al., 1990) can be defined as the most important one in the context 
of knowledge acquisition in a CBLE integrating home language support. In line with Cummins’ 
(1979) linguistic interdependence hypothesis, knowledge, skills, and strategies can transfer 
across the two languages through a common underlying proficiency, which is shared by both 
languages. Particularly the exchange of information from the home language to the language of 
instruction to strengthen conceptual knowledge is demonstrated (cf. Kenner et al., 2008). This 
involves the comprehension of a concept in, for example, the language of instruction through the 
insight into that concept in the home language. Accordingly, when language minority students 
experience difficulties in comprehending a text, their home language can form a bridge to 
resolve these barriers (Jiménez et al., 1995). In turn, this acquisition of conceptual knowledge 
through the home language can foster reading comprehension in the language of instruction 
(Goodrich, Lonigan, & Farver, 2013; Jiménez et al., 1995; Miller et al., 2006; Nagy, García, 
Durgunoğlu, & Hancin-Bhatt, 1993; Proctor, August, Carlo, & Snow, 2006). Conceptual 
knowledge can also be developed the other way around, with knowledge gained in the language 
of instruction supporting the development of literacy in the home language. This has likewise 
been shown in Chapter 6, as language minority students also switch from their home language to 
the language of instruction to understand words and content. We will return to this finding in 
more detail in Section 4.2. 
This construction of meaning through assistance in the home language can at the same time 
entail an appeal to prior knowledge already built up in the home language (Fung, Wilkinson, & 
Moore, 2003; Jiménez et al., 1995; Kenner et al., 2008). The activation of prior experiences and 
background knowledge of the subject matter is necessary for learning to occur (Anderson & 
Pearson, 1984). Hence, language minority students are more likely to get a good understanding 
of the offered content if they can activate prior knowledge already developed in their home 
language, next to the language of instruction. 
The findings from Chapter 6 also show that the access to content in the home language can 
help language minority students to make the curriculum content more accessible in an 
independent way, without involvement of the teacher (cf. Clark et al., 2012; Kenner et al. 2008). 
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Through the translation available in their home language, task demands and the purpose of 
exercises become clearer (cf. Littlewood & Yu, 2011; Mahmoud, 2006). This enables students to 
independently overcome the impediments encountered in the language of instruction (Riches & 
Genesee, 2006). Moreover, although it has not been explicitly mentioned by the students and 
was not studied within the scope of this dissertation, language minority students may implicitly 
work on their metalinguistic awareness through the access to both the language of instruction 
and their home language (Hélot, 2012; Kenner et al., 2008). By comparing and connecting the 
content in both languages, they can become more aware of the structure of different languages 
and how they function (Kenner et al., 2008; Martin-Beltran, 2010). 
The finding that language minority students keep their focus primarily on the content in the 
language of instruction, even when they have access to their home language, is reassuring for 
both teachers and policymakers. The current educational policy generally resorts to a 
monolingual approach because of the conviction that language minority students’ home 
language is the main cause for their underachievement, the belief that all the time not spent in 
the language of instruction is time lost, and the fear of teachers to lose control over their 
classroom practice should students use other languages (Cummins, 2005; McLaughlin, 1992; 
Pulinx et al., 2014; Van den Branden & Verhelst, 2011). However, the approach offered in this 
dissertation shows that permitting language minority students to integrate their home language 
in the classroom practice can strengthen their learning process in the language of instruction, as 
their home language can act as a support tool. They do not resort completely to the content in 
their home language but use it strategically, namely when they get stuck in the language of 
instruction. Language minority students’ choice to appeal to their home language in such a 
purposeful way is most probably encouraged by their awareness that they need a high 
proficiency in the language of instruction to have a successful school career and to become part 
of the labour market as well as the broader society (cf. Liebscher & Daily-O’Cain, 2005). Hence, 
while they share the same notion with policymakers and teachers, these students also 
demonstrate that one language does not have to exclude the other.  
There were expectations that the use of E-Validiv in general, and the access given to language 
minority students’ home language in particular, would result in a higher achievement level for 
this group of students. Hence, the integration of E-Validiv in the classroom practice could be a 
possible way to help close the achievement gap between language minority students and 
language majority students (Martin et al., 2012; OECD, 2009). However, we could not prove this 
in the context of the current research design. In order for the CBLE E-Validiv to become a true 
lever for achievement, a more profound approach at different levels and on different domains is 
necessary. We will return to this in Section 4.6. 
In general, we can conclude that language minority students who have the possibility to 
access their home language in a CBLE generally use it as a support tool for their learning process 
in the language of instruction. This illustrates how functional multilingual learning (Sierens & 
Van Avermaet, 2014) can be realized by means of educational technology. While every student’s 
full linguistic repertoire can be integrated in the classroom practice in this approach, language 
minority students’ home language is particularly considered as a didactic resource for both 
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proficiency in the language of instruction and the acquisition of knowledge, skills, and strategies 
in both languages. Through allowing language minority students’ home language in their zone of 
proximal development, it can act as a true cognitive tool and mediate their learning process in 
the language of instruction (Lantolf, 2000; Lantolf & Thorne, 2007; Swain & Lapkin, 2000; 
Vygotsky, 1978). Language minority students construct within themselves a support through the 
expertise already built up in their home language (Upton & Lee-Thompson, 2001). This can 
assist them in solving missing links due to knowledge and skills currently beyond their level in 
the language of instruction (Riches & Genesee, 2006; Upton & Lee-Thompson, 2001). Hence, they 
can keep their learning process on track, as they can remove barriers related to comprehension 
in the language of instruction on their own (e.g., Littlewood & Yu, 2011). This also implies that 
cognitive resources are released, which can be applied to focus more on comprehension and 
interpretation (Jiménez et al., 1995; Storch & Wigglesworth, 2003). Although switching to the 
home language is only done sporadically in the CBLE, the switch in itself can make a significant 
difference in understanding content. This empowers language minority students to take the next 
level, just beyond what they could have realized if they were only permitted to use the language 
of instruction (Freeman & Crawford, 2008; Vygotsky, 1978; Wood, Bruner, & Ross, 1976). Thus, 
giving language minority students access to their home language offers them learning 
opportunities which would otherwise be out of their reach. 
 
4.2 Barriers that may hinder the use of language minority students’ home 
language 
Although the findings from this dissertation point out that language minority students appeal to 
their home language in a CBLE in a way that can support their learning process in the language 
of instruction, we must also be aware of barriers which students may encounter. These may 
prevent them from considering their home language as a useful tool for learning. Overall, 
language minority students use their home language in a limited way, which may involve a more 
general caution in applying the available resources in their home language. Different findings 
from this dissertation give insight into the possible obstacles that may inhibit students from 
appealing to their home language in a CBLE like E-Validiv. 
First, as has been shown in Chapter 2, language minority students face a double challenge, 
compared to their language majority peers (Goldenberg, 2008). All students need to become 
proficient in the specific linguistic register used at school, which is characterized by a complex 
vocabulary and grammar, a high level of abstraction, an underlying assumption of causality, and 
limited contextual support (Van den Branden, 2010). This requires an advanced level of 
proficiency in the language of instruction (Curenton & Justice, 2004; Fang, 2006). However, 
language minority students need to learn this academic register in the language of instruction, 
which they also often still encounter difficulties with. Their home language can partly make up 
for this through giving them access to information in that language. However, the findings from 
Chapter 6 also show that language minority students cannot always rely on their home language 
as a support tool: in the CBLE E-Validiv, they also switch back to the language of instruction 
because the translation in their home language is sometimes insufficient to increase their 
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understanding. Hence, they experience problems with academic vocabulary, both in their home 
language and the language of instruction (cf. Cummins, 2008). One of the main reasons that can 
be put forward for this is that language minority students mostly use their home language in 
more informal contexts outside the school; the academic register in their home language has 
often not been developed thoroughly as they do not have access to it within a school context 
(Van Avermaet, Slembrouck, & Simon-Vandenbergen, 2015; Verhoeven, 1990). Hence, regarding 
CBLEs like E-Validiv, only offering translations in students’ home language may not be enough to 
provide them with a lever for their achievement. Having access to and working with high quality 
content-area material in both the language of instruction and the home language from a young 
age onwards is necessary to stimulate transfer between both languages (García et al., 2008; 
Hélot, 2012; Jiménez et al., 1996). We will return to this in Section 5.5. 
Second, language minority students who lack confidence with regard to proficiency in their 
home language dedicate less time to the content in their home language than language minority 
students who esteem themselves highly in terms of proficiency in their home language. This has 
been shown in Chapter 4 and Chapter 5 and is confirmed in Chapter 6, as some students stated 
that they rarely appeal to the content in their home language because of their presumed weak 
proficiency in their home language. Moreover, students who achieve highly on science topics 
access the content more in the language of instruction than in the other language. For high 
achieving language minority students, this may imply that they require less support in their 
home language as they already have a good understanding of the content in the language of 
instruction. However, this may suggest that particularly low achieving language minority 
students with a low self-assessed proficiency in their home language need assistance in 
deploying their home language as a true resource for learning. More specifically, they may not be 
aware of the advantages of using their home language to foster their learning process as they are 
convinced that they lack the necessary skills in their home language to be of any help. This may 
actually hinder rather than foster the integration of their home language in the learning process 
(Jiménez et al., 1995). Research has shown that merely supplying students with support in a 
CBLE does not always imply that they spontaneously use it, even if it would be advantageous for 
them (Clarebout, Elen, Johnson, & Shaw, 2002). This is particularly the case for less successful 
learners, as they often ignore the integrated support tools (Proctor, Dalton, & Grisham, 2007). 
Hence, these students should be targeted to use the offered tools in a way that they experience 
success with it. The integration of a pedagogical agent, as in the CBLE E-Validiv, can partly meet 
with this challenge (Clarebout et al., 2002). Additionally, a more adaptive design of CBLEs such 
as E-Validiv should be considered to attune to students’ specific needs. Furthermore, we believe 
that there is an important role for the teacher to help students in finding the right balance. We 
will return to both of these aspects in Section 4.4 on the role of the teacher and Section 5.5 on 
the limitations and directions for future research regarding the CBLE E-Validiv. 
Third, the broader surrounding context, in this case the school, needs to be aligned with the 
idea of approaching the linguistic diversity of all students in a positive way for students to be 
open to it. Otherwise, language minority students may not feel inclined to appeal to their home 
language as a resource for learning (e.g., Becker, 1997; Gort, 2012; Kenner et al., 2008; Storch & 
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Aldosari, 2010; Storch & Wigglesworth, 2003). For example, if language minority students’ use 
of their home language is confined within the boundaries of the CBLE E-Validiv, there is still a 
large chance that they will not appeal to their home language to their full advantage. Indeed, 
they may still receive the message that their home language is not acknowledged as a legitimate 
partner for the learning process in the language of instruction in all areas. Moreover, as has been 
shown in Chapter 6, students state that they are more proficient in the language of instruction 
than in their home language, hence relying strongly on the language of instruction in the school 
context. This can be considered as a very natural response, as students indeed spend a lot of 
time in the formal context of the school. However, we must be conscious that the obvious focus 
on the language of instruction may imply that language minority students are unaware of or 
reluctant to consider their home language as a resource for learning in the language of 
instruction (cf. Gort, 2012; Kenner et al., 2008). Moreover, Chapter 7 has shown that the more 
language minority students feel ashamed about using their home language, the weaker their 
science achievement. Language minority students with a lower self-assessed proficiency in the 
language of instruction are even more likely to feel ashamed about using their home language. 
These internalized negative feelings with regard to the home language may originate from the 
messages language minority students often receive in the context of the monolingual 
educational policy, namely that their home language is the cause of academic failure. This 
assumption is not only expressed by policymakers, but also by teachers (Van den Branden & 
Verhelst, 2011) and even students (Agirdag, 2010). The majority of the participating schools 
reported in this dissertation had a clear tendency towards a monolingual approach (cf. Chapter 
7). This was translated in a strong focus on learning in and through the language of instruction, 
thereby excluding language minority students’ home languages from the classroom practice. 
Although the current design does not allow to make causal statements, language minority 
students experiencing these feelings of shame with regard to their home language may actually 
encounter a serious obstacle to achieve highly. They may not only ignore their home language as 
a resource for learning and thus miss out on important learning opportunities; these shameful 
feelings may have a strong negative impact on students’ science achievement. If this is the case, 
the current educational policy regarding students’ home languages should be reconsidered in a 
careful way, primarily with regard to the exclusion of other languages from the classroom 
practice than the language of instruction. However, this finding needs to be examined more in 
depth in future research. Nevertheless, the context which students are part of and which is made 
up of teachers, peers, school personnel and parents, is a very important ally to succeed in 
opening up towards students’ home languages. We will return to this in Section 4.6. 
Fourth, the introduction of the CBLE E-Validiv in the classroom practice entailed a whole new 
approach for the majority of the participants. For a lot of language minority students, it was the 
first time to have access to content in their home language in a school context, thereby having 
the opportunity to intentionally apply it in their learning process. Hence, it may have been 
challenging for these students to utilize their home language in a fully effective way on all 
occasions, without clear structural support from the teacher. Moreover, students were called 
upon to take their learning process in their own hands in the CBLE. Both of these aspects may 
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imply that students may not yet have felt assured enough to appeal to their home language in a 
strategic way to foster their learning. They may have required more time to assess the perceived 
usefulness of the appeal to their home language and to the different integrated support tools. We 
will also return to this in Section 4.6. 
 
4.3 The value of educational technology 
One of the main objectives of this dissertation was to develop a CBLE with a multilingual 
character aimed at supporting knowledge acquisition in the domain of science education. This 
has resulted in the CBLE E-Validiv, one of the first CBLEs offering content in a variety of seven 
different languages, with students having access to two different languages, namely the language 
of instruction and one other language. Hence, E-Validiv is unique in the Flemish as well as in the 
international context. Additionally, this dissertation offers a collection of design guidelines, 
which comprises an important step in the development of CBLEs aimed at fostering knowledge 
acquisition in linguistically diverse classrooms in general, and CBLEs aimed to support language 
minority students’ learning process through home language support in particular. These 
guidelines can help make clear what elements need to be considered. At the same time, they 
clarify the theoretical rationale which directed the arrangement of the structure and the choice 
for the different support tools in E-Validiv.  
The design of the CBLE E-Validiv comprises different strengths, which demonstrate the value 
of educational technology to introduce linguistic diversity in the classroom. First, an inclusive 
classroom approach with a focus on functional multilingual learning is realized (Sierens & Van 
Avermaet, 2014). The wide array of languages available, next to the language of instruction, 
allows an individualized approach according to students’ linguistic background. For language 
minority students who have their home language available in E-Validiv, the other language is set 
to their home language. Hence, they can appeal to their home language to support their learning 
process in the language of instruction. Language majority students and language minority 
students with a home language other than the languages present in the CBLE mostly have access 
to French or English as the other language, as these are the first languages they come into 
contact with in foreign language education as well as in different media (Declercq et al., 2012; 
Kuppens, 2007). Hence, they have the opportunity to gain more competence in these languages.  
Second, authentic content is offered in the different languages, both in a visual and an 
auditory modality. The findings from Chapter 6 confirm that language minority students 
perceive text-to-speech technology as an aid to access the written content in their home 
language. As language minority students most often utilize their home language in a spoken 
form, the offer of content in their home language only in a written form would block rather than 
stimulate the integration of their home language as a support for their learning process. Text-to-
speech technology can make it possible for students to access age-appropriate texts, which 
would otherwise be beyond their reach (Proctor et al., 2007). Hence, it is worthwhile to consider 
the inclusion of text-to-speech technology in CBLEs, especially when they aim to support 
language minority students in their home language. Through the combination of input in a visual 
and auditory way, these students can overcome barriers with reading in their home language 
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and focus more on meaning construction (cf. Proctor et al., 2007). Furthermore, as the results 
from Chapter 5 indicate, students mainly access text-to-speech in the language of instruction. 
Research has already shown that oral language development can contribute to proficiency in a 
language, next to reading (August & Shanahan, 2006). Thus, the strong focus on input in the 
language of instruction, both in a visual and an auditory way, can be very helpful for language 
minority students to further develop their proficiency in the language of instruction.  
Third, a logging system running in the background of CBLEs such as E-Validiv is very useful to 
track students’ activities and application of the different support tools within the CBLE (cf. 
Butler & Lumpe, 2008; Hannafin & Land, 1997). These logfiles provide rich sources of data, 
through which learning in action can be reconstructed and the nature of learning can be 
examined (Pea, 2004). Moreover, these data sources can be transferred in such a way that it 
becomes an interesting source for teachers to adapt their classroom practice, based on students’ 
achievement in the CBLE. 
Fourth, the integration of a CBLE in the classroom practice involves a shift from a more 
teacher-directed to a more student-centered approach (Wong, Li, Choi, & Lee, 2008). Students 
can work independently and at their own pace, while they decide on the steps they need to take 
to accomplish a task successfully. This implies that their competence for self-regulated learning 
is strongly called upon: as students have to make their own choices on what supports to use and 
when to apply them, they take their learning process into their own hands (Dalton & Proctor, 
2007). At the same time, students can be guided through the CBLE, for instance by means of a 
fixed structure (Sweller, 2010) or a pedagogical agent (Moreno & Mayer, 2007). Indeed, as a 
CBLE is an information-rich environment, students need certain anchor points and directions to 
find their way around, to know what is expected, and to organize their activities (Azevedo, 2005; 
Sharma & Hannafin, 2007). Moreover, the possibility of giving immediate and personalized 
feedback on students’ actions contributes to the flow of their learning process: they immediately 
know if their answer is right or wrong and they can try to correct their errors independently. 
Accordingly, this can bridge the gap between what they already understand and what they still 
have difficulty with (Sadler, 1989). Additionally, the feedback can stimulate students to reflect 
on the applied strategies and to adapt them if necessary (Brett, 1995). 
Finally, the introduction of the CBLE E-Validiv gives the opportunity to teachers to explore in 
a secure way the potential strengths and pitfalls of introducing language minority students’ 
home language as a tool in the classroom practice. This opens up important learning 
opportunities for language minority students, which they would lack if they could only appeal to 
the language of instruction. As all the content is provided in the language of instruction as well 
as the other languages, teachers do not have to be proficient in each of their students’ home 
languages. Moreover, the CBLE is closed, which means that students do not need to consult other 
sources outside E-Validiv: everything they need is available within the CBLE. Thus, teachers can 
be assured that the content is fit for classroom practice. 
This dissertation gives insight into the benefits and weaknesses of how a CBLE with a 
multilingual character can appeal to the linguistic diversity present in the classroom. 
Furthermore, it contributes to the understanding of how students from different linguistic 
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backgrounds approach such a CBLE. It particularly broadens insights into the way a CBLE like E-
Validiv can assist language minority students in applying their home language as a tool for their 
learning process. This can advance the design of effective CBLEs. As embedded support tools are 
a characteristic feature of most CBLEs, the findings of this dissertation can give insight into how 
such CBLEs can appeal to students’ personal needs and how we can prepare them to use the 
various support tools strategically in pursuit of their learning goals (Proctor et al., 2007). 
Moreover, more research on how CBLEs like E-Validiv can foster students’ learning outcomes 
offers promising pathways to bridge the achievement gap between language minority students 
and language majority students.  
 
4.4 The role of the teacher 
One of the main incentives to develop a CBLE with a multilingual character was the observation 
that teachers face considerable challenges to actively and purposively deal with the linguistic 
diversity present in their classroom: they often lack the necessary resources and expertise 
(Clark et al., 2012; Hélot, 2012; Pulinx et al., 2014). With the introduction of E-Validiv, we have 
shown that CBLEs are a possible means to include language minority students’ home language in 
the classroom practice in a way that it can offer support for their learning process, without 
teachers having to master different languages. However, in order to stimulate an optimal use of 
the CBLE, and particularly the home language support for language minority students, it should 
also be considered how such CBLEs can become fully integrated in the classroom practice. 
Subsequently, it can truly become an effective means to tackle the current achievement gap 
between language minority and language majority students through augmenting language 
minority students’ achievement. We believe that the teacher can take up an important mediating 
role in students’ learning process in the CBLE (cf. Proctor et al., 2007). Although we have not 
studied the position of the teachers in depth in this dissertation, some considerations can be 
made and taken into account for future research. 
First, teachers can provide students with support to enable them to work in an efficient way 
with CBLEs such as E-Validiv (e.g., Corcoll, 2013). The teacher can introduce the students to the 
structure of the CBLE, the content, and the different tools. He/she can also let students explore 
the different possibilities of the CBLE, such as the access to language minority students’ home 
language. Based on their experiences, a classroom discussion can be set up between students on 
how and when the different tools can assist their learning. In this way, students can gain new 
insights into how they can appeal to the tools as a true support for their learning process and at 
the same time get to realize what works best for them. For example, code-switching is a highly 
spontaneous activity in proficient bilinguals (Macaro, 2005). However, language minority 
students who are not familiar with the use of their home language in a classroom context may 
first need clear instruction on how and when to use code-switching strategically before they can 
apply it as a true learning strategy for meaning construction (Duibhir & Cummins, 2012; 
Ferguson, 2009; Jiménez et al., 1996; Reyes, 2004; Söderberg Arnfast & Jørgensen, 2003). This 
can be particularly helpful for language minority students who do not consider themselves to be 
Chapter 8 
226 
 
strongly proficient in their home language and may otherwise ignore their knowledge and skills 
already built up in that language.  
Second, the content of the CBLE can be connected to themes dealt with in class, thereby 
embedding it in the broader classroom practice (e.g., Dalton & Proctor, 2007). When a teacher 
works with his/her students on a certain topic, different concepts, processes, and lines of 
reasoning are brought to the fore. By letting students explore the topic within the CBLE in 
combination with other activities in the classroom, they have different pathways available to get 
a firmer understanding of the content. Particularly for language minority students, the 
availability of their home language in the CBLE can help them gain more insight into central 
concepts in the language of instruction, as they can connect them to concepts and prior 
knowledge already developed in their home language. Moreover, the teacher can set up activities 
which focus on the co-construction of meaning (cf. Cummins, 2000). For example, the teacher 
can involve the whole group or different small groups of students in discussing central concepts 
(e.g., Cheung & Slavin, 2012; Edwards, Monaghan, & Knight, 2000; Gersten & Baker, 2000; 
Jiménez et al., 1995). In this way, the teacher can determine if students have reached a sufficient 
understanding, thereby ensuring successful knowledge acquisition.  
Third, teachers can deploy a CBLE such as E-Validiv in a flexible way to enrich their 
classroom practice, according to the needs they experience with their students. As already 
mentioned, it can be employed as a means to enact parts of the curriculum in an alternative way. 
This provides students with different pathways to reach the same goal. Furthermore, it may be 
helpful for some students to go through a subtheme related to a topic dealt with in other 
activities in the classroom beforehand, as a way of introducing them into that specific topic. 
Moreover, a CBLE such as E-Validiv can be used as a practice tool to exercise matters students 
encounter difficulties with. These forms of differentiation can be connected to the Universal 
Design for Learning framework (Meyer & Rose, 2005). This framework requires developing 
flexibility in curricula and instructional environments, thereby taking into account students’ 
individual needs (Chita-Tegmark, Gravel, Serpa, Domings, & Rose, 2012; Dalton, Proctor, Uccelli, 
Mo, & Snow, 2011; Meyer & Rose, 2005). Teachers can realize this by incorporating multiple 
ways of offering information, of letting students express their knowledge and skills, and of 
engaging them (Meyer & Rose, 2005). This can be facilitated by the use of educational 
technology, such as CBLEs (Dalton & Proctor, 2007). This differentiated approach can lead to an 
improved access to information and become a means to empower students, particularly those 
students who might otherwise fall behind (Dalton et al., 2011; Hélot, 2012; Meyer & Rose, 2005). 
In order for teachers to present opportunities for students to deploy their full linguistic 
repertoire in the classroom practice and to become more confident in appealing to it, investment 
in professional development is needed (cf. August, Branum-Martin, Cardenas-Hagan, & Francis, 
2009; Cheung & Slavin, 2012; Geijsel, Sleegers, van den Berg, & Kelchtermans, 2001). As 
teachers’ ideas and opinions about innovations are crucial for an implementation process to 
succeed (Fullan, 2001), they need initiatives in which they can reflect on their classroom 
practice and explore new approaches. Hence, they can develop expertise, both on how to deal 
with the linguistic diversity students bring into the classroom and on how to functionally apply 
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language minority students’ home language (e.g., Rosiers, Willaert, Slembrouck, & Van Avermaet, 
in press), for example by means of a CBLE like E-Validiv. This also implies that teachers need to 
be provided with sufficient support, not only to use the CBLE but also to gain insight into how 
the CBLE can enhance students’ learning process (cf. Vanderlinde, 2011). Hence, they can 
become familiar with the different opportunities and assist their students in successfully 
applying them (Yelland & Masters, 2007). 
 
4.5 Valuing linguistic diversity for all 
The main focus of this dissertation concerns how a CBLE can assist language minority students 
in strengthening their learning process if they are offered support in their home language. Yet, it 
can also be very informative for language majority students to have access to a wide array of 
different languages, thereby profiting from the linguistic diversity present in the classroom, the 
school and the broader society. As already mentioned, language majority students also come into 
contact with different languages through the use of television, music, Internet, and computer 
games (Declercq et al., 2012; Kuppens, 2007). The way E-Validiv was set up, with a variety of 
seven different languages available, has given the opportunity to establish an inclusive 
classroom approach, in which all students of a classroom could access the CBLE. While language 
minority students could integrate their home language in their learning process, language 
majority students and language minority students who did not have their home language 
available could use the CBLE as a means to be introduced to foreign languages. 
Although the outcomes of the use of the CBLE for language majority students has not been the 
focus of this dissertation, this introduction to foreign languages can also pay off for them. This is 
particularly the case for raising their metalinguistic awareness, as the offer of content in 
multiple languages can make students aware of the relationships between various languages 
spoken by people today, how they function, different existing writing systems, and the varied 
repertoires available within one language to express oneself (Hélot, 2012). As suggested by 
students and teachers, students for whom the other language in E-Validiv is not their home 
language were curious about the content in the other language. They particularly appreciate 
learning the language while at the same time exploring new content in that language. Hence, 
both the acknowledgement of language minority students’ competence in their home language 
and the opportunity given to language majority students to explore and discuss different 
languages can be a promising way to let all students develop positive attitudes towards the 
cultural and linguistic diversity present in today’s societies (Corcoll, 2013; Hélot, 2012).  
 
4.6 An innovation project as a complex process of change 
This dissertation was set up within the context of the broader Validiv-project (Valorizing 
Linguistic Diversity in Multiple Contexts of Primary Education). This was a four-year educational 
innovation project aimed at stimulating schools to open up to the linguistic diversity present 
among their student population and to intentionally apply students’ full linguistic repertoire in 
their learning process. Therefore, three different Validiv-tools were developed, among which the 
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multilingual CBLE E-Validiv. Next to that, the Validiv Case Collection provided teachers from 
both kindergarten and primary education with guidelines and examples of how to appeal to 
students’ varied linguistic repertoires, both for learning and for a positive classroom climate. 
Third, the School Policy Guide aimed to assist the school team in setting up a language policy 
plan which gives room to linguistic diversity through different steps. Each of the tools targeted a 
particular level (cf. Hopkins, 2001), i.e., the student level, the classroom level, and the school 
policy level, respectively. Every intervention school was given access to the tools and was 
appointed an external coach, who introduced the school team to the underlying rationale of the 
Validiv-project, presented the tools, and gave assistance in setting up a change process through 
experimenting with the tools (cf. Stoll, Fink, & Earl, 2003). As schools have distinct priorities, 
face various challenges, and differ in their readiness to reform, the coaches adapted their 
approach and strategies according to the school (cf. Hopkins & Harris, 1997; Slavin, 2005). 
One of the main outcomes anticipated for the Validiv-project was to improve language 
minority students’ science achievement, thereby realizing a decrease in the achievement gap 
between language minority and language majority students. As shown in Chapter 2, language 
minority students indeed face more difficulties in performing well on science subjects, in 
comparison to their language majority peers. It was expected that the use of the CBLE E-Validiv, 
focused on science topics and giving support in language minority students’ home language, 
would help them improve their science achievement and gain a more positive attitude regarding 
their home language. However, the findings reported in Chapter 7 show that this was not the 
case. Below we reflect on possible explanations for the absence of a change in language minority 
students’ outcomes.  
First, for an impact of the project to occur, the tools in general, and the CBLE E-Validiv in 
particular, have to be integrated in a thorough way in both the classroom practice and the 
broader school context. However, based on the analyses and the reports from the coaches, we 
can conclude that the tools did not attain a fully-fledged position within the schools. For 
example, with regard to the implementation of E-Validiv, the teachers were asked to reserve at 
least one hour per week to work with their class on a subtheme in E-Validiv within the context of 
science education. However, it has become clear that this proposal was too demanding for the 
schools. As the logging files from E-Validiv show, all students on average worked on E-Validiv 
individually for 203.65 minutes. For language minority students, the mean use was 199.93 
minutes or a little less than 3.5 hours, with the maximum time dedicated to E-Validiv amounting 
to 647.87 minutes or a little less than 11 hours. Nevertheless, time-on-task (i.e., the amount of 
time a student is engaged in a certain activity) is one of the most defining factors predicting 
students’ learning outcomes in a positive way (Snow, 1990; van Gog, 2013). Moreover, the 
opportunities that students are given in the classroom to acquire and apply new knowledge and 
skills are among the most important factors influencing their outcomes (Creemers & Kyriakides, 
2008). Hence, within the scope of a project lasting for two school years, the time-on-task in E-
Validiv has been very limited. In turn, this has its repercussions on the impact, or the lack of 
impact, of the intervention on the outcomes studied. A similar picture can be found for the 
general intensity of the use of the Validiv-tools at school level. There is a mean use of the Validiv-
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tools of .24 on a scale from 0 to 1, with a maximum score of .68. This indicates that the teachers 
did not use the Validiv-tools in a regular way in the course of the project. 
Second, and related to the previous point, the use of E-Validiv introduced a new approach in 
many respects. For instance, the practice of attending to language minority students’ home 
languages as a way to support their learning process is unique in the Flemish school context. 
With the exception of foreign language education, most schools are very reluctant to permit the 
use of other languages than the language of instruction for different reasons (cf. Chapter 1). 
Hence, it was the first time for many students to have access to their home language. This 
implies that they first needed to become aware of when and how they could strategically appeal 
to it. Moreover, as the idea of integrating different home languages into the classroom practice 
was mostly not aligned with the prevalent monolingual approach in the broader school context, 
students may not yet have felt secure enough to apply their home language to their full 
advantage (cf. Becker, 1997; Goriot, Denessen, Bakker, & Droop., 2015; Gort, 2006; Storch & 
Wigglesworth, 2003). It also cannot be expected that students were quick to become familiar 
with the technological side of an innovation like E-Validiv: they need time to get used to it, to 
explore the different possibilities, and to intentionally apply the integrated support tools. The 
students were also expected to take responsibility for their own learning process, as they had to 
work independently in the CBLE. These different aspects require a considerable amount of effort 
from students and need to be given adequate attention before changes in outcomes can be 
expected. 
Third, as the majority of the participating schools strongly adhered to a monolingual 
approach (cf. Section 4.2), the coaches initially needed to invest in setting up a favourable 
climate for the school team to admit different languages in the classroom. Although all schools 
participated in the project voluntarily, the coaches often experienced resistance with teachers. 
This may have been caused by conflicting expectations or concerns teachers had with regard to 
the demands proposed by the project and the related vision (cf. van den Berg & Ros, 1999). 
Hence, it took a long time for the coaches to set up an agreed plan with the school team. A few 
teachers picked up the underlying ideas of the Validiv-project and began to explore activities on 
their own. They can be characterized as innovators (Rogers, 2003). However, only by the end of 
the project, schools began to work out a vision and introduced some initiatives to integrate 
students’ full linguistic repertoire in the classroom practice. With regard to E-Validiv, its use was 
monitored by the coaches. However, this was restricted to fourth and fifth grade and the 
encouragement the coaches gave to the teachers to intensify the use of E-Validiv could not 
prevent that its use remained very limited.  
Different practical aspects may give additional explanations for the lack of impact of the 
Validiv-project on the studied student outcomes. First, the confined use of the CBLE E-Validiv 
can be attributed to a great extent to the restricted number of educational technology facilities 
available in the schools. For instance, some teachers only had one or two computers available in 
their classroom, making it impossible for them to let all students go through a subtheme in E-
Validiv within one week. Some teachers had a computer classroom available, although this was 
not available every week. Hence, while teachers certainly made efforts to let students go through 
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E-Validiv, this also clarifies why the presumed use of E-Validiv of one hour per week turned out 
to be too demanding. Second, in some schools, the decision to participate in the project was 
taken by the principal individually, without him/her consulting the teacher team or only those 
who would be immediately involved the first year (e.g., the fourth-grade classroom teachers). 
This can partly account for the resistance experienced in some school teams with regard to the 
project. Indeed, teacher participation in decision making, particularly in areas directly related to 
their teaching practice, is indicated as an important condition for the successful implementation 
of an innovation (Geijsel et al., 2001). Furthermore, this can partially explain why the transition 
from fourth grade to fifth grade did not go as fluently as expected in some schools. In the 
communication with the schools, it was clearly stated that participation in the project comprised 
an engagement for two school years. With the start of the project, teachers from fourth grade 
were introduced to the vision behind the Validiv-project and the use of the CBLE E-Validiv. It 
was presumed that teachers from fourth grade would inform the teachers from fifth grade, 
which was not always the case. Hence, the intensity of the use of E-Validiv in fifth grade was not 
as high as in fourth grade, with some fifth-grade teachers even deciding not to go through with 
E-Validiv. Third, there were only three part-time coaches to guide 29 schools. Hence, there was a 
lack of necessary resources to provide intensive support to all schools, which can also explain 
the rather weak and incoherent implementation of the Validiv-tools (cf. Gersten & Baker, 2000; 
Yeung et al., 2000).  
We can conclude that the Validiv-project in general, and E-Validiv in particular, has not yet 
contributed in an observable way to improving language minority students’ science achievement 
and socio-emotional well-being. At the same time, appealing to language minority students’ 
home language has not shown to have negatively affected students. Moreover, the findings from 
this dissertation indicate different aspects which can impact the extent to which teachers agree 
with the innovation and change their practice according to its principles (e.g., Geijsel et al., 
2001). First, in order to come to statistically significant gains in a large-scale project, such as the 
Validiv-project, a thorough implementation trajectory with intensive guidance and advice is 
needed (cf. Corcoll, 2013; Snow, 1990; Solis, Miciak, Vaughn, & Fletcher, 2014; Yeung et al., 
2000). Hence, a comprehensive and thoughtful use of the different tools can be established. In 
line with this, students need sufficient time to get used to the innovation in order for learning to 
occur (e.g., Solis et al., 2014). Furthermore, teachers require support and encouragement to deal 
with feelings of uncertainty, to initiate a process of change and to persist in it (Geijsel et al., 
2001; Harris, 2002; Stoll et al., 2003; van den Berg & Ros, 1999). Second, as already mentioned 
in Section 4.4 on the role of the teacher, more attention should be given to the professional 
development of both teachers and school leaders with regard to dealing with the linguistic 
diversity present in today’s classrooms (cf. August et al., 2009; Cheung & Slavin, 2012; Geijsel et 
al., 2001). Third, in order for both students and teachers to feel confident and secure about 
embracing the linguistic diversity in the classroom and appealing to students’ home language as 
a resource for learning, they must experience the surrounding context as aligned with the idea of 
welcoming the full linguistic repertoire of all students. Hence, it is crucial that the approach of 
functional multilingual learning is embedded in a constructive and dynamic language policy in 
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order to succeed (Sierens & Van Avermaet, 2014). The professional development of the school 
team can also contribute to this, as it can stimulate the development of a school-wide vision on 
the positive approach to linguistic diversity, which is shared by all members and partners of the 
school (August et al., 2009; Cheung & Slavin, 2012). Accordingly, time and energy is needed to 
invest in such a climate (e.g., Gess-Newsome, Southerland, Johnston, & Woodbury, 2003). This is 
vital to reflect on the current approaches and convictions, to explore new pathways, and to 
examine if these alternatives lead to more beneficial outcomes for everyone. Hence, teachers can 
come to feel true ownership regarding the innovation. This can help them to integrate the core 
ideas in their classroom practice, thereby feeling connected with and supported by the vision 
behind it. 
 
5. Limitations and directions for future research 
The studies in this dissertation have led to both a broader understanding of characteristics 
related to students’ science achievement and greater insight into the design, use, and outcomes 
of a CBLE with a multilingual character. Yet, the different studies and the related findings also 
have different limitations, which were discussed in the preceding chapters. In the following 
sections, we give a general overview of the dissertation’s limitations in different areas. These 
limitations at the same time offer incentives for future research and development. 
 
5.1 The sample 
With regard to the sample, we focused on students in upper primary education, namely fourth- 
and fifth-grade students. The preference for this group was discussed in Chapter 1 (Section 2.4). 
Nevertheless, children develop linguistic competences in different languages from a very young 
age onwards. As has been shown in this dissertation, language minority students are often not 
experienced with academic vocabulary in their home language. One of the main explanations for 
this is that they have not yet developed their home language in a school context, in which the 
academic register is the preeminent means of communication. More studies with children 
involved from different grade levels (i.e., kindergarten, primary education, secondary education) 
are needed to broaden the understanding of how students’ full linguistic repertoire develops and 
can be appealed to (e.g., Bogaert & Van den Branden, 2011; García et al., 2008), for example by 
means of multilingual CBLEs. For instance, setting up a similar intervention from earlier stages 
of the educational system onwards (e.g., kindergarten) with a prolonged follow-up of students’ 
progress throughout different grades may lead to more conclusive results, certainly in light of 
the finding that it takes four to eight years to develop academic proficiency in a language 
(Collier, 1987; García et al., 2008; Hakuta, Goto Butler, & Witt, 2000). The long-term 
development of both proficiency in the language of instruction and the home language, as well as 
outcomes related to students’ achievement and socio-emotional well-being could be taken into 
account. Moreover, if students are part of a context from the start of their school career in which 
there is room for linguistic diversity in general, and language minority students’ home languages 
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in particular, this may stimulate language minority students’ development of academic 
competence in and strategic use of their home language to support their learning process. 
Second, there was a strong focus on the impact of the use of the multilingual CBLE on 
language minority students’ outcomes. Nevertheless, the development of the CBLE E-Validiv 
started from the basic assumption that all students could profit from using the CBLE in the 
context of science education. More specifically, it can also be studied what the potential 
advantages are for language majority students and language minority students who do not have 
access to their home language. For example, the development of their metalinguistic awareness 
(cf. Section 4.5) could be examined, as well as their progress in the foreign language available to 
them in E-Validiv. 
 
5.2 The design 
First of all, the data collected within the framework of this dissertation have a cross-sectional 
character. Hence, no judgments can be made about causal relationships. Moreover, the 
implementation of innovations in schools can be characterized as a long-term dynamic process 
with outcomes not always clearly discernible and evolving through time (Seashore Louis, 1994; 
Woodbury & Gess-Newsome, 2002). To shed more light on causal relationships as well as 
growth, a longitudinal design with measurements at different points in time is needed. Ideally, 
children could be followed from kindergarten onwards. This ensures that the intervention lasts 
long enough for a novelty effect to disappear, that relationships can be interpreted in a causal 
way, and that students are educated in a context in which the integration of their full linguistic 
repertoire has become a regular practice (cf. Clark et al., 2012). 
Second, in order to examine whether the use of E-Validiv in itself can lead to a change in 
students’ achievement, a more controlled design is required. In the context of this dissertation, 
we have chosen to study the impact of the entire Validiv-project on students’ science 
achievement and socio-emotional well-being. Therefore, a distinction was made between 
intervention schools and control schools, with the integration of measures related to the use of 
the CBLE E-Validiv and the use of the full set of Validiv-tools in the intervention schools. In this 
way, we could study within an authentic context whether changes in practice occurred which 
could be attributed to the project’s characteristics (e.g., a comprehensive approach with tools 
developed for the school level, teacher level, and student level; intensity of the use; assignment 
of coaches). However, this also implied that no clear-cut judgments could be made about the 
influence of the use of the CBLE E-Validiv on, for example, students’ science achievement. This 
requires a quasi-experimental design with various conditions. A possible research design could 
consist of five different respective conditions: offering students access to E-Validiv with bilingual 
content in both the visual and auditory modality; bilingual content only in the visual modality; 
Dutch content only in both the visual and auditory modality; Dutch content only in the visual 
modality; and a traditional approach without the use of the CBLE but covering the same content. 
There should be time scheduled to ensure regular use, for example three hours per week for a 
period of six weeks. Before and after the intervention, a pretest and a posttest should be 
administered, dealing with topics related to the covered content. Students could be matched 
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according to their linguistic background, socioeconomic status, proficiency in the language of 
instruction, and learning outcomes, such as science achievement.  
Third, the role of the teacher regarding the integration of the CBLE E-Validiv in the classroom 
practice has remained under-exposed in this dissertation. The main reason for this was that it 
was not within the direct scope of this dissertation: as the CBLE is newly developed and CBLEs 
generally call upon students’ responsibility to take their learning process into their own hands, it 
was important to first gain a more thorough understanding of how students approached E-
Validiv. Based on these findings, considerations can be made about how they can be supported 
in the use of the CBLE. Moreover, experiences by the coaches and informal contacts with 
teachers have revealed that students have mainly applied E-Validiv within the context of 
contract work or homework, which indeed strongly appeals to their potential to work 
independently. However, teachers may have a crucial supportive role in students’ use of E-
Validiv, which asks for a stronger investment in involving teachers in the implementation of 
CBLEs like E-Validiv (cf. Proctor et al., 2007). We acknowledge that a more thorough 
introduction for teachers on the theoretical principles underlying E-Validiv and a stronger 
guidance in the different ways in which they could embed E-Validiv within regular classroom 
activities could have led to a more comprehensive implementation and stronger statements on 
E-Validiv’s outcomes. Future research could also focus on the inclusion of teachers’ viewpoints. 
This can take on different forms, such as examining teachers’ personal perceived needs, their 
beliefs regarding the integration of linguistic diversity in the classroom practice, the 
opportunities they see in implementing a CBLE such as E-Validiv, and what they require to 
successfully integrate it into their classroom practice. Furthermore, teachers could have been 
asked about the way they utilize the CBLE in the classroom, the extent to which they frame the 
offered content, and the kind of support they supply to their students. This could deepen the 
understanding of teachers’ perceived usefulness regarding the CBLE and how they can be better 
supported in the implementation of new tools with a technology-based character (cf. 
Vanderlinde, 2011). Although questionnaires measuring many of these aspects were 
administered to the teachers, there were too many missing values to include the data in the 
analyses. Moreover, teachers can be trained in giving assistance to their students to effectively 
employ the CBLE. For instance, the provision of feedback on the use of support tools or the 
modeling of strategies can be the focus of such a training. It would also be worth considering the 
inclusion of teachers in the further design process of E-Validiv to ensure that it becomes more 
aligned to their perceived needs and indeed acts as an enrichment for their practice. We will go 
deeper into this in Section 5.5.  
Finally, studies with a more qualitative character offer a viable way to augment the insights 
from the present dissertation. We have already partially satisfied this need by setting up a 
qualitative study on the way language minority students interact with the CBLE and what their 
motives are for the use of the different integrated support tools (cf. Chapter 6). However, using 
data from prolonged classroom observations, logbooks of teachers, and interviews with both 
teachers and students could be a useful way to shed more light on teachers’ mediating role and 
to clarify underlying processes that may play a role in the use and effectiveness of the CBLE. The 
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triangulation of data, for example through combining insights from both the logging of E-Validiv 
and qualitative data analyses, is challenging but can at the same time lead to more insightful 
findings. The possibilities regarding this approach need to be explored in future studies. 
 
5.3 The variables 
The variable regarding the home language, which differentiates between language minority 
students and language majority students, is rather challenging to grasp. People’s language use is 
often more complex than the dichotomous distinction between speaking the language of 
instruction or another language at home (De Backer et al., 2015). While we have defined 
language majority students as those students who mostly speak the language of instruction with 
both of their parents, and language minority students as those students who sometimes to 
almost speak a language other than the language of instruction with at least one of both parents, 
different aspects are left out of this distinction. For example, the language use with brothers and 
sisters, topics and contexts that are more associated with the use of the language of instruction, 
and linguistic resources available at home in different languages (e.g., books, television, music) 
(De Backer et al., 2015; Van Avermaet, 2008) were not taken into account. However, these 
factors can also have a substantial impact on students’ language use and their related 
competence developed in the different languages (Branum-Martin, Mehta, Carlson, Francis, & 
Goldenberg, 2014). Moreover, for some students, it was rather challenging to determine whether 
the language available to them in E-Validiv was actually the home language in which they were 
most proficient. Indeed, a considerable group of students have developed competence in 
multiple languages. This resembles the definition of Van den Branden (2010) of multilingualism, 
according to which people are multilingual if they can understand and produce different 
languages and regularly use them, without having to be strongly proficient in each language. 
However, this complex reality makes it challenging to capture students’ full linguistic repertoire 
for empirical analyses. Future research should focus on a more fine-grained measurement of the 
variable of home language in order to capture the dynamic character of the concept. For 
example, it can be studied how students can be divided into different groups, according to the 
breadth and depth of their full linguistic repertoire. The use of linguistic passports (De Backer et 
al., 2015) can be useful here. 
Students also assessed themselves with regard to proficiency in their home language. While 
this variable has been shown to play a significant role in students’ appeal to the bilingual 
content, the use of standardized tests could have helped in broadening the picture on the role of 
proficiency in the home language (cf. Jiménez et al., 1995; Proctor et al., 2007). In a similar way, 
language majority students’ proficiency in the foreign language available to them in E-Validiv 
could have been taken into account. However, due to the large variety of languages spoken by 
the students in our sample and the lack of comparable tests of sufficient quality for the different 
languages, this was not possible within the framework of this dissertation. 
Moreover, with regard to the results reported in Chapter 2 and Chapter 7 on students’ science 
achievement, the tests measuring this outcome were only administered in the language of 
instruction. Tests available in language minority students’ home language could have given a 
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broader insight into whether the Validiv-project has produced an impact on students’ science 
achievement in their home language (cf. August & Shanahan, 2006). For example, language 
minority students who had access to their home language in the CBLE E-Validiv may have also 
built up competence in their home language. However, if this was the case, they could not 
demonstrate it. With regard to future research, more attention should be given to both the 
development and integration of tests in language minority students’ home languages so that 
these can also be taken into account as outcomes.  
As shown in Chapter 7, shame with regard to using the home language is negatively 
connected to language minority students’ science achievement. However, only one item has been 
taken into consideration to measure this variable, namely ‘feeling ashamed to use the home 
language in the playground’. Hence, the findings with regard to this variable need to be 
interpreted with caution. Future research with a more fine-grained measurement including 
additional items on the concept of shame can further the insights on the relationship between 
language minority students’ feelings of shame regarding the use of their home language and 
their science achievement.  
With regard to the activity of code-switching, the findings of Chapter 4 have shown that the 
operationalization of this concept is rather challenging within the context of a CBLE. While we 
have considered code-switching as the use of the language switch button to go to the other 
language or the language of instruction, this was not sufficient to explain differences in code-
switching between language minority and language majority students. This might be due to the 
highly automatic character of code-switching in bilinguals (Macaro, 2005), which makes it 
difficult to capture. More research is needed to grasp the full nature of the activity of code-
switching in a CBLE like E-Validiv. Qualitative research approaches may be helpful here. 
Although we have found differences between classrooms with regard to both the time 
dedicated to the content in both languages (cf. Chapter 4) and the use of bilingual auditory 
support (cf. Chapter 5), variables related to the linguistic diversity in the classroom (i.e., number 
of students with another home language present in the classroom and the positive use of 
linguistic diversity by the teacher) could not sufficiently explain these differences. Future 
research can examine other classroom-related variables, such as the way the teacher introduces 
and stimulates the use of the various support tools in the CBLE, the attention teachers give to the 
integration of the CBLE in the broader classroom practice, and the availability of different 
resources in the classroom. 
 
5.4 The results 
As the CBLE E-Validiv is newly developed, one of the main objectives of this dissertation was to 
gain insight into the way students apply it to support their learning process. We have 
contributed to this aim by unraveling characteristics that play a role in students’ time dedicated 
to the bilingual content and their use of the bilingual auditory input as well as by examining the 
motives behind the use of the different support tools integrated in the CBLE. Moreover, we have 
looked at the impact of the Validiv-project as a whole, and the use of the CBLE E-Validiv in 
particular, on both cognitive and socio-emotional outcomes of language minority students. 
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Although one of the main anticipated outcomes of the use of the CBLE was to decrease the 
achievement gap between language minority and language majority students by fostering 
language minority students’ science achievement, we were not able to prove this. Taking into 
account the suggestions from Section 5.2 on the design, there is a need for studies examining in 
what way the use of a CBLE like E-Validiv can contribute to students’ achievement as well as 
their socio-emotional well-being. However, it will remain important to insert measures of 
students’ use of the CBLE as well as characteristics determining that use, as the distinct appeal to 
support tools can have a differential impact on students’ learning outcomes (Belland & Drake, 
2013; Laufer, 2003). The findings from this dissertation indicate factors that are important to 
consider, such as students’ linguistic background and their self-assessed proficiency in the 
languages under study.  
Furthermore, it will be helpful to replicate the findings from the different studies included in 
this dissertation. For example, the findings from Chapter 4 on the use of the bilingual content are 
based on the activity in one subtheme within E-Validiv to ensure that all students performed 
actions on the same content. Although the overall activity in E-Validiv is alike, the activity in 
other subthemes can be further examined to check whether the same characteristics play a role 
or whether other factors also come into the picture. Similarly, the study reported in Chapter 6 
could be repeated by observing different students from various linguistic backgrounds. Hence, it 
could be examined whether or not these students interact with E-Validiv in a comparable way 
and whether they give similar explanations on the way they use the different support tools. 
 
5.5 The CBLE E-Validiv 
The CBLE E-Validiv, as presented within the framework of this dissertation, can be considered as 
an important initial step in the design of CBLEs aimed at supporting students’ knowledge 
acquisition in linguistically diverse contexts. Regarding the design guidelines presented in 
Chapter 3, these can be further refined through additional research. At the same time, this 
implies that there are still a lot of opportunities to explore how such CBLEs can be further 
developed, both to assist students more effectively in their learning process and to offer a useful 
means for teachers to enrich their classroom practice.  
Regarding the bilingual content, we have provided students with content in the language of 
instruction and an accompanying literal translation in the other language (i.e., the home 
language for language minority students), both through on-screen text and spoken words. 
Hence, we have focused particularly on support supplying access to the bilingual content (i.e., 
access to the home language, access to auditory support). However, future studies can also look 
at how the content can be made more comprehensible (e.g., Dalton & Proctor, 2007; Gersten & 
Baker, 2000; Jiménez, 1997; Jiménez et al., 1995; Langer et al., 1990; Proctor et al., 2007). 
Different possibilities can be examined, such as the integration of a glossary with explanations of 
key words in both languages, the provision of concept maps, informative figures, images, or 
animations, strategy instruction in the processing of texts, or supply of background information 
on central topics. Through providing multiple representations, students can choose different 
pathways to strengthen their understanding of the content (Dalton & Proctor, 2007). Moreover, 
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as E-Validiv is a closed system, it can be explored in what ways the content can be enriched with 
information from different channels, such as the broad offer of information in different 
languages on the Internet. Particularly for language minority students who struggle with science 
content, it can be very helpful to make the content more concrete.  
A more dynamic approach to appeal to the content in different languages could also be 
explored. E-Validiv is now developed from a code-switching perspective, giving access to content 
in two languages on different screens through switching between the screens. However, current 
research on sociolinguistics argues that there is no clear distinction between languages in 
bilingual people (e.g., García & Wei, 2014; Lewis, Jones, & Baker, 2012; Willans, 2011). As an 
alternative, a translanguaging approach is put forward, in which people’s competence in a 
variety of languages is seen as a whole and applied in a dynamic way. People actively switch 
between the languages they master and strategically apply them (Park, 2013). Translanguaging 
comprises code-switching and at the same time extends it (García & Leiva, 2014). Future 
research could explore in what way a translanguaging approach, which is more in line with 
students’ experience of their development of multilingual competences, can be realized in CBLEs 
such as E-Validiv.  
With regard to offering bilingual auditory support by means of text-to-speech technology, 
future research can also explore how students’ personal needs can be better addressed. For 
example, it could be studied whether the choice for the speech pace and the voice of text-to-
speech could improve students’ listening comprehension and, related to this, their 
understanding of the content (cf. Zhao, 1997). Particularly language minority students who had 
Turkish available in E-Validiv indicated that the speech pace in Turkish was too high, hindering 
them in the application of their home language. Moreover, although students may not always be 
in need of the auditory support in E-Validiv, it starts automatically once a student enters a new 
screen. Although text-to-speech can be paused and replayed, it is not possible to select 
fragments of the on-screen text to listen to. Future research could examine whether offering 
students more degrees of freedom with regard to the access to visual and auditory input can 
support them in a more efficient way (cf. Plass et al., 1998, 2003). 
These different suggestions for further development are also a reason to consider building in 
a certain level of adaptivity in CBLEs such as E-Validiv. This implies that the selection of learning 
tasks and the amount of offered support is accommodated to students’ individual needs and 
competences (van Merriënboer & Kester, 2010). Regarding E-Validiv, different aspects can be 
taken into account, such as students’ proficiency level in both languages, the extent to which 
they appeal to certain support tools and the strategies they apply. For instance, students’ 
proficiency level in one of both languages can be connected to varying levels of text complexity. 
Hence, students with a lower proficiency in their home language or the language of instruction 
could receive a text with a less complex sentence structure. They could also get access to a 
broader array of support tools, such as a glossary, a message from the pedagogical agent 
prompting them to apply a certain strategy, or an animation offering essential background 
knowledge. This can facilitate their understanding of the content and at the same time offer the 
needed means to succeed in their learning process. 
Chapter 8 
238 
 
With respect to the issue of adaptivity, Proctor and colleagues (2007) argue for considering 
which supports should be “pulled” by the student and which should be “pushed” towards the 
student. Supports that are “pushed” particularly aim to introduce students to the CBLE’s 
structure and how they can access and apply the different support tools. This can particularly 
help less successful students use the offered supports at the right time and in an effective way 
(Clarebout et al., 2002; Proctor et al., 2007). Yet to ascertain that students take responsibility for 
their own learning and become engaged learners, they also need to be given the choice to “pull” 
certain support tools towards them. This implies that they can judge for themselves what 
supports to use and when to apply them (Proctor et al., 2007). The issue of adaptivity in CBLEs 
such as E-Validiv and the decision on the learner characteristics that should be taken into 
account certainly need further consideration. 
From a more practical point of view, the integration of a still wider array of languages, next to 
the language of instruction, would imply that a larger group of language minority students can 
be reached (cf. Clark et al., 2012; Sierens & Van Avermaet, 2014). Moreover, it could be further 
examined in what way the logfiles from E-Validiv can be translated into comprehensible and 
useful data for teachers, for example in the form of tables and graphics. Through such a data 
management system, teachers could get a clear view on students’ progress, their use of different 
strategies and support tools, and the topics they still have difficulty with. This overview could 
also serve as a basis to offer these students feedback, to discuss their strategies, and to supply 
them with support.  
Finally, as has already been mentioned in Section 5.2 on the limitations related to the design, 
teachers could be involved in the further development of E-Validiv and its integration in the 
broader classroom practice. Indeed, teachers’ insights and reflections could be valuable to 
optimize the CBLE. This could take the form of teacher design teams, which refers to a group of 
two or more teachers who engage in designing or redesigning curriculum materials 
(Handelzalts, 2009). These teachers form a community of practice which shares concerns, 
problems, and expertise on a certain topic and which accordingly focuses on the development of 
materials to improve practice (Becuwe et al., 2015; Wenger, McDermott, & Snyder, 2002). Such a 
team could be set up in close collaboration with a coach, researchers as well as software 
developers, reflecting on the strengths and limitations of the CBLE, adapting it according to the 
specific context and needs with enhanced tools, and testing it in practice. Accordingly, the CBLE 
can be evaluated in light of the extent to which it can enrich teachers’ practice and foster 
students’ learning outcomes. This can lead to the CBLE meeting better with teachers’ needs and 
becoming more aligned with the reality of the classroom practice. Additionally, this can be a 
useful way to let teachers experience ownership with regard to the CBLE. Hence, the 
development of E-Validiv can truly get the character of design-based research, in which 
progressing insights from both researchers and practitioners are brought together in different 
design cycles, with the aim of producing theoretical insights as well as effective tools (McKenney 
& Reeves, 2012). The approach of teacher design teams could also be considered for the 
development of different kinds of classroom activities integrating students’ linguistic 
repertoires. 
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5.6 The context 
As has been indicated in the first chapter and throughout this dissertation, the rationale behind 
the present research, namely opening up towards the linguistic diversity present in today’s 
schools, is quite different from the educational context in which the studies have been 
conducted, namely a context which has a clear monolingual approach. For most schools, it was 
the first time that they were asked to explore ways in which they can give room to the full 
linguistic repertoire of all students. Similarly, it was the first time for many students to 
intentionally integrate their linguistic repertoire as a resource in their learning process, in 
particular for language minority students who could now appeal to their home language.  
The coaches also guided the schools in a flexible way, so that these could adapt the use of the 
tools to their own specific context and needs. For example, teachers were free to choose how 
they implemented E-Validiv, namely as a whole-class activity in a computer classroom, as 
contract work or as homework. Hence, we wanted to ensure a smooth integration of E-Validiv 
within the common classroom practice. This flexible approach can be an important stimulus to 
promote the integration of an innovation, thereby heightening the chances for the innovation to 
succeed. However, this approach also entailed a loss of control, making it impossible to ensure a 
similar implementation and intensity of use across all schools. As some schools only had a 
restricted number of educational technology facilities available (cf. Section 4.6), this also 
jeopardized a regular and thorough use of E-Validiv. 
It will remain important for future research to be aware of these contextual elements, which 
may evenly influence the impact, or the lack thereof, of a large-scale intervention. This is the 
challenge but at the same time the strength of working in an authentic context, as the research is 
contextualized and a truthful image is given of what has really made a change (Linnenbrink & 
Pintrich, 2002). Future research should take into account that an innovative educational project 
such as the Validiv-project, and the use of E-Validiv in particular, needs a more prolonged 
implementation trajectory to examine its effectiveness on students’ learning outcomes and 
socio-emotional well-being. As E-Validiv is an experimental tool, schools need sufficient time to 
fit it into their daily classroom practice in order to become familiar with it and use it on a regular 
basis (Clark et al., 2012). This also presumes that schools have sufficient technology resources at 
their disposal. Moreover, to realize the full potential of E-Validiv, it should be embedded in both 
a classroom practice and a school-wide policy which values the linguistic diversity brought in by 
their students as a true resource for learning. This asks for teachers who are well-prepared to 
intentionally call upon their students’ full linguistic repertoire (e.g., Pulinx et al., 2014).  
 
6. Implications 
The general results of this dissertation encompass different implications regarding the 
possibilities of educational technology as a means to appeal to the linguistic diversity present in 
today’s classrooms. Language minority students’ home language can hereby be integrated as a 
support tool in their learning process. The proposed implications can be situated in the domain 
of theory, empirical research, practice, and policy.  
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6.1 Implications for theory and empirical research 
This dissertation was primarily guided by the observation that, despite the potential of 
educational technology to appeal to students’ home language as a didactic resource in their 
learning process, the literature as well as research in this area was very scarce. In light of the 
achievement gap between language minority and language majority students (cf. Chapter 2), a 
CBLE with a multilingual character was developed, with the purpose of supporting knowledge 
acquisition in the domain of science education for students in upper primary grades. As one of 
the main aims of the dissertation, we focused on the use of the support tools offered in the CBLE. 
Indeed, the relationship between student characteristics and the use of various tools needs to be 
understood before the impact of the CBLE on learning outcomes can be determined (cf. Belland 
& Drake, 2013; Dalton & Strangman, 2006). Moreover, only few studies have looked at the use of 
supports in CBLEs and the related characteristics with students in primary education (Witteman 
& Segers, 2010). Through examining the use of the bilingual content offered in the CBLE (i.e., in 
the language of instruction and in another language) and the related support tools (e.g., language 
switch button, text-to-speech technology, notebook) both from a quantitative and a qualitative 
perspective (cf. Chapter 4 to Chapter 7), more insights could be gained in factors playing a role 
in its use at the student level and the broader level of the classroom and the school. Therefore, a 
combination of surveys, achievement tests, and logfiles from the CBLE have been used, as well as 
interview data. The specific focus on the way language minority students appeal to their home 
language in the CBLE has extended the research in various ways, as it has shown that these 
students mainly focus on the content in the language of instruction, particularly apply their 
home language in a functional way, but can also experience barriers to appeal to it as a support 
tool for their learning process. 
This dissertation has also contributed to insights with regard to the implementation of large-
scale educational innovation projects aimed at integrating students’ full linguistic repertoire in 
the classroom practice. More specifically, the study on the effectiveness of the Validiv-project (cf. 
Chapter 7) can inform future studies on the potential obstacles and levers to successfully 
implement large-scale educational interventions in general, and projects aimed at valuing 
linguistic diversity in particular. This can be integrated in general findings and 
recommendations related to school effectiveness research.  
Regarding theoretical contributions, this dissertation has offered design guidelines for CBLEs 
aimed at fostering knowledge acquisition in linguistically diverse classroom contexts in general, 
and the inclusion of language minority students’ home language in particular. The overview of 
the clusters of linguistic diversity, learning, and instruction, and the related design guidelines 
brings the theoretical rationale behind the CBLE E-Validiv to the fore. However, we do not claim 
to have provided a fully comprehensive collection of design guidelines. Above all, it should be 
considered as a starting point to encourage and advise future research in the development of 
CBLEs aimed at bridging the achievement gap between language minority and language majority 
students, in particular by means of home language support for language minority students. 
Additional research on the CBLE E-Validiv or other CBLEs focusing on the support of linguistic 
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diversity in the classroom practice can lead to a further refinement of the offered design 
guidelines, while at the same time advancing the design of effective CBLEs.  
Moreover, the theoretical contribution in Chapter 3 gives an illustration of how the design of 
a learning environment can be presented to a wide scholarly audience. While the current 
research literature strongly emphasizes empirical studies focusing on the effect of designed 
materials, contributions explicitly dealing with design issues are currently underrepresented. 
However, it is indispensable for the research community to also give room to these kinds of 
contributions. Indeed, the way a learning environment is given shape is always based on 
underlying conceptions and assumptions of how people learn (Mayer, 2010). Making the 
considerations explicit regarding the structure, the content, and the integration of different 
support tools in instructional materials like CBLEs can advance teaching and learning in these 
new technologies (Deubel, 2003; Mayer, 2010). Moreover, it can help practitioners to point out 
the value of educational research for their practice, thereby decreasing the existing gap between 
educational research and practice (e.g., Vanderlinde & van Braak, 2010). 
With regard to the methodology, the choice for a multilevel approach has proven to be 
fruitful. By controlling for the hierarchical structure of the data, we could take into account the 
variance in students’ outcomes that can be attributed to a higher level, because of the shared 
experiences of students being part of the same classroom or school (Hox, 1995). Moreover, we 
could determine school level characteristics that are related to students’ outcomes (cf. Chapter 
2). More specifically, a school’s teachability expectations has a share in the explanation of 
students’ science achievement. Although differences at classroom level were also found with 
regard to the use of the bilingual content and the auditory support, further research is needed to 
unravel the factors related to these differences. Furthermore, although the dissertation’s 
methodology is generally characterized by quantitative research, the addition of a qualitative 
study has deepened the insights with regard to language minority students’ reasons to appeal to 
certain support tools integrated within the CBLE. This triangulation of data is a useful way to 
shed more light on students’ frequency of use of support tools in a CBLE, the characteristics 
related to it as well as what induces them to apply the support tools. 
 
6.2 Implications for practice 
As the findings from this dissertation have shown, language minority students who speak a 
home language other than the language of instruction face considerable challenges to attain a 
high achievement level in comparison to their language majority peers, for example with regard 
to science. However, the immersion approach, in which there is an almost exclusive focus on the 
language of instruction in the classroom practice, does not seem to meet the expectations of 
heightening these students’ learning outcomes. This emphasizes the need to develop 
alternatives to support these students in their learning process. Functional multilingual learning 
is brought to the fore as a valuable approach, in which every student’s linguistic repertoire is 
integrated in the learning process as a didactic resource (Sierens & Van Avermaet, 2014). For 
language minority students, this implies that they can appeal to their home language as a 
support tool for their learning process in the language of instruction. Educational technology 
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offers many opportunities to realize functional multilingual learning. Within the framework of 
this dissertation, the CBLE E-Validiv is put forward as a possible means to integrate the 
approach of functional multilingual learning in the classroom practice. The CBLE is unique in 
both a national and international context because of its multilingual character: all content is 
offered in the language of instruction and one of six other languages. Hence, the content can be 
adapted according to students’ linguistic background, which enables an individual and flexible 
approach. The CBLE will be integrated soon in KlasCement, an online platform where teachers 
can exchange instructional materials, so that it remains available for teachers and their students. 
As the results have shown, language minority students who have their home language 
available in E-Validiv particularly apply their home language in a functional way: their main 
focus lies on the content in the language of instruction and they only occasionally switch to their 
home language to translate a word or to gain better understanding of a concept. This implies 
that language minority students particularly deploy their home language as a support tool for 
their learning process in the language of instruction (cf. Clark et al., 2012; Msimanga & Lelliott, 
2014). Accordingly, the integration of the CBLE in the classroom practice can play an important 
role in assisting language minority students’ meaning construction which, in the long run, can 
foster achievement.  
These findings hold different implications for teachers and their classroom practice. One of 
the main reasons why teachers resort to an immersion approach is that they fear losing control 
over their classroom practice if students should be allowed to use their home language (Pulinx 
et al., 2014; Van den Branden & Verhelst, 2011). However, the findings from this dissertation 
challenge this concern. As the integration of E-Validiv in the classroom practice includes various 
advantages for teachers, it can be a stimulus to try out functional multilingual learning with their 
students. First, teachers do not have to be competent in each student’s home language to give 
them the necessary support (Clark et al., 2012). Second, E-Validiv offers a broad array of themes 
related to science education, which provides various options to connect the content to classroom 
activities. Moreover, as E-Validiv runs in a closed system, this ensures that teachers know what 
kind of information students receive in their home language, for example if they are not 
completely comfortable yet with the idea of integrating students’ home language in their 
classroom practice. Finally, an inclusive classroom approach can be realized, as language 
majority students and language minority students who do not have their home language 
available can also go through E-Validiv as a form of initiation in foreign languages, such as 
French or English. These different aspects open up opportunities for teachers to differentiate 
among students according to their needs and preferences. This can enrich their classroom 
practice while at the same time assist students who are at risk of falling behind.  
Nevertheless, the findings have also revealed different barriers which may hinder language 
minority students’ appeal to their home language (cf. Section 4.2). As such, teachers should 
provide a supportive climate, in which students feel secure and are assured that they will not be 
reprimanded when they switch to their home language (Jiménez et al., 1995). Moreover, 
teachers will need to invest time and effort in strategy instruction for all students (Dalton & 
Proctor, 2007; Jiménez, 1997; Macaro, 2005), so that they learn to use the different support tools 
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(e.g., the language switch button, text-to-speech, the notebook) in a strategic way in pursuit of 
individual learning goals, acquire the offered content efficiently and ask for help when they need 
it. For example, students may first need to be explicitly encouraged to work out how and when 
to use code-switching by means of the language switch button before it can become a supportive 
learning strategy (Duibhir & Cummins, 2012; Ferguson, 2009; Jiménez et al., 1996; Reyes, 2004; 
Söderberg Arnfast and Jørgensen, 2003). This support can take on different forms, for example 
through providing feedback, modeling, explicit instruction, opportunities to practice, or 
assistance by peer tutors (e.g., Jiménez, et al., 1995). The activities within E-Validiv can also 
induce discussions with the whole classroom or between students as a way to explore what 
works best for each student (e.g., Corcoll, 2013). Continued attention on rich vocabulary 
instruction (Beck, Perfetti, & McKeown, 1982; Gersten & Baker, 2000) and reading 
comprehension (Melby-Lervag & Lervag, 2014) also remains important to gain more experience 
with the academic register of the school context, and science literacy in particular. Furthermore, 
teachers should consider how a CBLE such as E-Validiv can be best integrated in their broader 
classroom practice. For example, it can be considered as an introduction to a topic further 
elaborated in the classroom, a way of practicing already acquired content, or a channel to 
present information in an alternative manner.  
Hence, the teacher can play a crucial mediating role in successfully implementing a CBLE like 
E-Validiv in the classroom practice and, more generally, in opening up towards students’ full 
linguistic repertoire as a resource for their learning process. For most teachers, this will require 
a shift in their assumptions regarding linguistic diversity (cf. Woodbury, & Gess-Newsome, 2002; 
Ramaut et al., 2013). Therefore, the circumstances need to be created so that teachers can 
explore the opportunities of integrating students’ full linguistic repertoire in their classroom 
practice. This can be done in various ways. First, research shows that only a limited number of 
teachers follow in-service training on topics such as multilingualism, linguistic diversity, and 
(second) language acquisition (De Backer et al., 2015). Additionally, teachers themselves 
indicate that they do not have sufficient knowledge to deal with the linguistic diversity they are 
confronted with in their classroom (Hélot, 2012). Hence, they need both to be stimulated and to 
be given the opportunity to raise their competence on how to integrate students’ linguistic 
repertoires in their practice by means of various tools (cf. Geijsel et al., 2001). Moreover, a 
stronger collaboration between teachers can be set up, for example in the form of co-teaching in 
which they work together on organizing and trying out instructional activities which appeal to 
language minority students’ home languages. This can be a useful way to share experiences and 
reflect on them, to develop expertise in this area, and to anchor a new approach in their practice 
(e.g., Harris, 2002; Kenner et al., 2008; Ramaut et al., 2013). 
In order for teachers to feel comfortable in exploring new ways of engaging in activities 
integrating the linguistic diversity of their students, they need to feel supported by their school 
principal and the school as a whole (cf. Leithwood & Riehl, 2003). Therefore, the school should 
set up a number of necessary preconditions to develop a favourable climate. First, there needs to 
be an engagement and a continuous effort by the whole team to work on a clear vision of how 
linguistic diversity can be approached in a positive way and how this vision can be put into 
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practice (cf. Geijsel et al., 2001). This can guarantee that the integration of students’ full 
linguistic repertoire is not confined to the classroom practice of one teacher but is shared as a 
goal by all teachers throughout the entire school curriculum (e.g., Hélot, 2012; Solis et al., 2014). 
Second, the school should invest in the expertise of teachers through professionalization (cf. 
Geijsel et al., 2001). This requires that school leaders give their teachers sufficient opportunities 
for training (cf. Leithwood & Riehl, 2003). This focus on the professional development of the 
teacher team can also help the school in further developing, supporting, and sustaining the 
school vision on linguistic diversity. Yet, as one-day workshops are insufficient to bring about 
change in teachers’ practice (Guskey, 2002; Wei, Darling-Hammond, Andree, Richardson, & 
Orphanos, 2009), professionalization also implies that school leaders stimulate their teachers to 
put the insights gained from such training into their daily classroom practice and to share their 
experiences (cf. Dexter, Anderson, & Becker, 1999; Leithwood & Riehl, 2003). Third, realistic 
expectations should be formulated with regard to the anticipated change and the related 
outcomes. Indeed, for observable changes to occur, time is needed as well as a continued effort 
and support to integrate students’ full linguistic repertoire in an effective way in the daily 
classroom practice. Moreover, this approach of embracing the different languages students bring 
to the classroom is only one of the many ways of setting up a powerful learning environment. It 
also entails organizing meaningful activities and integrating a wide array of tools to adapt to 
students’ needs, one of which can be a CBLE like E-Validiv. Finally, these bottom-up initiatives 
also need to meet corresponding top-down decisions along the way assuring that the approach 
to functional multilingual learning (Sierens & Van Avermaet, 2014) gains a valued status in the 
general educational policy. 
 
6.3 Implications for policy 
In order for schools and teachers to be encouraged to adopt a positive stance towards the 
linguistic diversity present in today’s schools, they need to experience top-down support from 
the policy level. Nevertheless, today’s educational policy climate is not very favourable with 
regard to the use of other languages than the language of instruction in the classroom practice, 
with educational policymakers strongly stimulating a monolingual policy (Crevits, 2014; Smet, 
2011; Vandenbroucke, 2005). 
Nevertheless, research in both a national and international context has led to promising 
results (e.g., August & Shanahan, 2006; Cheung & Slavin, 2012; Frijns et al., 2011; Ramaut et al., 
2013; Thomas & Collier, 2002), entailing a plea to embrace linguistic diversity and to integrate 
language minority students’ home language in their learning process. For example, while this 
dissertation has indicated that language minority students who speak a home language other 
than the language of instruction face considerable challenges to achieve highly, it has also shown 
that the integration of tools, such as a multilingual CBLE, can offer additional means to teachers 
to support the learning process of their students. Such findings can advance the understanding 
of the complex process of learning in a linguistically diverse context and can help in improving 
teachers’ practice to realize effective education for all. With regard to the Flemish context, 
educational policymakers can take into account findings from research projects, such as the 
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general Validiv-project, the Home Language in Education project (e.g., Ramaut et al., 2013), and 
the project on language awareness (e.g., Frijns et al., 2011), to stimulate the public debate and to 
gain a more nuanced view on the opportunities of permitting other languages, next to the 
language of instruction, in the classroom practice. This can guide policymakers in reconsidering 
the policy with regard to the approach of linguistic diversity, thereby moving from an almost 
exclusive focus on the language of instruction to a more flexible appeal to every student’s full 
linguistic repertoire. A long-term vision on the value of linguistic diversity and functional 
multilingual learning in the classroom practice and the broader school context should be 
considered to help children develop their full linguistic repertoire from a young age onwards 
and to let them benefit from it at a later age. 
The former also comprises a call for policymakers to invest more in research focusing on 
initiatives which deal with the integration of linguistic diversity in the daily classroom practice 
and language minority students’ home languages in particular. This is necessary to further 
unravel how students, teachers, and schools can be supported in the challenges they are faced 
with and to develop the tools to achieve this. Moreover, this can hold valuable answers to tackle 
the achievement gap between language minority and language majority students, thereby 
succeeding in the provision of effective education for all. In the context of this dissertation, 
different questions remain unanswered, such as the impact of a CBLE like E-Validiv on students’ 
achievement; how barriers regarding the use of the home language can be effectively removed; 
and what works in supporting teachers and schools to develop a shared vision on positively 
appealing to the present linguistic diversity. These different questions ask for longitudinal 
research designs with input from different research disciplines and long-term engagement from 
schools in order to determine the impact of large-scale educational interventions in the long run.  
Teacher training programs should also be supported to prepare student teachers on the 
challenges they will be faced with in their future classrooms in light of the cultural and linguistic 
diversity present in today’s society (Hélot, 2012; Lo, 2009). Special attention should be paid to 
topics related to diversity, second language acquisition, and multilingualism (Jiménez, 1997). 
Through in-depth training and field experiences, student teachers can put theory into practice 
and develop expertise. Next to pre-service training, it is also important that teachers as well as 
teacher educators further develop themselves professionally by means of in-service training, in 
which they are recognized in their needs and are offered insights and tools to support their 
practice (August et al., 2009; Cheung & Slavin, 2012; Geijsel et al., 2001). This also entails a 
responsibility for educational counseling services, as they need to coach and assist schools in 
taking up the challenge of integrating students’ full linguistic repertoire. For example, the 
website www.metrotaal.be was developed within the context of the Validiv-project and offers 
mentors of schools information, resources, and tools to guide them in embracing linguistic 
diversity. Educational policymakers play an important role in providing the means to set up such 
high quality professional development. Moreover, the educational policy should provide a 
supportive structure to assure that the tools developed within educational research projects 
remain accessible for the educational field, are maintained and further developed. Regarding E-
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Validiv, the CBLE will be integrated in KlasCement. This online platform for teachers is 
supported by the Flemish Department of Education and Training. 
In light of the growing cultural and linguistic diversity, it will remain crucial for schools to 
receive support at different levels. While educational policy provides the means to organize 
support hours, to give assistance to teachers, or to employ extra staff for students with special 
needs, it should also be considered to provide schools with a framework on how they can 
optimally allocate these means (De Backer et al., 2015). Indeed, what the means are used for are 
mostly more decisive for student outcomes than the amount of means given. With regard to the 
allocation of means, it will further remain worthwhile to invest in schools’ ICT infrastructure. 
This dissertation has shown that educational technology is indeed a viable way to support the 
integration of linguistic diversity at school. However, in order to act upon the developments in 
these fields, schools also need guidance and advice in this matter.  
 
7. Conclusion 
With this dissertation, we have gained more insight into the significance of educational 
technology to support the linguistic diversity in primary education, and more specifically to 
integrate language minority students’ home language in their learning process. The CBLE E-
Validiv has been shown to be a valuable means to assist students in linguistically diverse 
classrooms, particularly by offering language minority students support in both the language of 
instruction and their home language.  
The approach of functional multilingual learning, in which every student’s full linguistic 
repertoire is valued and appealed to as a resource for learning (Sierens & Van Avermaet, 2014), 
offers opportunities to move away from an almost exclusive focus on the language of instruction 
towards a more flexible use of the competences students have built up in different languages. 
For language minority students, this means that they can apply their home language as a way to 
support their learning process in the language of instruction. Hence, one language does not have 
to exclude the other, but both are appealed to for a mutual purpose, namely meaning 
construction to foster the learning of all students. 
The development of and research on the CBLE E-Validiv has been an important step to 
advance the understanding of language minority students’ functional use of their home 
language, the barriers they may experience in appealing to it, and the ways in which they can be 
supported in pursuit of learning goals in a CBLE. Moreover, the dissertation deepens the 
theoretical understanding with regard to the design of CBLEs aimed at fostering knowledge 
acquisition in linguistically diverse classrooms and gives insight into the potential pitfalls and 
strengths of the implementation of large-scale educational innovation projects aimed at 
embracing linguistic diversity. Through conducting research in an authentic context, we can 
assure that the findings are rooted in practice. Additionally, the results offer various avenues for 
further research and can stimulate the debate on how students’ various languages present in 
today’s classrooms can be put to use. 
There is no simple solution: different ways are possible to integrate students’ full linguistic 
repertoire in classroom activities. We consider the CBLE E-Validiv as one of the various tools 
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teachers have available to appeal to the present linguistic diversity in a positive way, to bring 
language minority students’ home language into their learning process as a support tool, and to 
stimulate all students’ metalinguistic awareness, hence enriching the classroom practice by 
means of educational technology. Giving room to linguistic diversity in the daily classroom 
practice and the broader school context will remain a challenging and ongoing task. Yet, it is a 
challenge that offers a lot of opportunities, such as building expertise on diversity, exploring the 
breadth of students’ linguistic repertoire, and valuing language minority students’ competence 
in their home language. Moreover, it can be a promising pathway to close the achievement gap 
between language minority and language majority students. 
To conclude, a classroom becomes a truly multilingual space when students’ full linguistic 
repertoire is acknowledged and when the appeal to language minority students’ home language, 
next to the language of instruction, is considered a legitimate and purposeful practice (Gumperz 
& Cook-Gumperz, 2005; Liebscher & Dailey-O’Cain, 2005; Unamuno, 2008). Necessary 
prerequisites to realize this include informing students on what their linguistic repertoire in 
general, and language minority students’ home language in particular, can contribute to their 
learning process; providing high quality professional support for teachers; and investing in a 
continued development of a clear vision on the positive use of linguistic diversity. CBLEs like E-
Validiv can be a viable tool to achieve such multilingual classroom practices, in which the 
present linguistic diversity is no longer considered as a burden, but is appealed to as an asset. 
 
 
 
References 
Adesope, O. O., & Nesbit, J. C. (2012). Verbal redundancy in multimedia learning environments: A 
meta-analysis. Journal of Educational Psychology, 104, 250-263. 
Agirdag, O. (2010). Exploring bilingualism in a monolingual school system: Insights from Turkish 
and native students from Belgian schools. British Journal of Sociology of Education, 31, 307-
321. 
Agirdag, O. Van Avermaet, P., & Van Houtte, M. (2013). School segregation and math 
achievement: A mixed-method study on the role of self-fulfilling prophecies. Teachers College 
Record, 115, 1-50. 
Anderson, R. C., & Pearson, P. D. (1984). A schema-theoretic view of basic processes in reading 
comprehension. In P. D. Pearson (Ed.), Handbook of reading research (pp. 255-291). White 
plains, NY: Longman. 
August, D., Branum-Martin, L., Cardenas-Hagan, E., & Francis, D. J. (2009). The impact of an 
instructional intervention on the science and language learning of middle grade English 
Language Learners. Journal of Research on Educational Effectiveness, 2, 345-376. 
August, D., & Shanahan, T. (Eds.). (2006). Developing literacy in second-language learners: Report 
of the National Literacy Panel on language-minority children and youth. Mahwah, NJ: Lawrence 
Erlbaum. 
Chapter 8 
248 
 
Azevedo, R. (2005). Computer environments as metacognitive tools for enhancing learning. 
Educational Psychologist, 40, 193-197. 
Beck, I. L., Perfetti, C. A., & McKeown, M. G. (1982). Effects of long-term vocabulary instruction on 
lexical access and reading comprehension. Journal of Educational Psychology, 74, 506-521. 
Becker, K. R. (1997). Spanish/English bilingual codeswitching: A syncretic model. The Bilingual 
Review, 22, 3-30. 
Becuwe, H., Pareja Roblin, N., van Braak, J., Tondeur, J., Castelein, E., & Thys, J. (2015). Condities 
voor de succesvolle implementatie van leergemeenschappen: De casus van Teacher educator 
Design Teams voor ICT-integratie [Conditions for the successful implementation of learning 
communities: The case of Teacher educator Design Teams for ICT-integration]. Tijdschrift 
voor Learenopleiders, 36, 5-16. 
Belland, B., & Drake, J. (2013). Toward a framework on how affordances and motives can drive 
different uses of scaffolds: Theory, evidence, and design implications. Educational Technology 
Research and Development, 61, 903-925. 
Bellens, K., Arkens, T., Van Damme, J., & Gielen, S. (2013). Sociale ongelijkheid en ongelijkheid op 
basis van thuistaal inzake wetenschapsprestaties in het Vlaamse onderwijs – Veranderingen 
tussen 2003 en 2011 op basis van TIMSS, 4de leerjaar [Social inequality and inequality on the 
basis of the home language with regard to science achievement in Flemish education – 
Changes between 2003 and 2011 on the basis of TIMSS, 4th grade]. Leuven: Steunpunt 
Studie- en Schoolloopbanen. 
Bogaert, N., & Van den Branden, K. (2011). Handboek taalbeleid secundair onderwijs [Handbook 
language policy secondary education]. Leuven: Acco. 
Branum-Martin, L., Mehta, P. D., Carlson, C. D., Francis, D. J., & Goldenberg, C. (2014). The nature 
of Spanish versus English language use at home. Journal of Educational Psychology, 106, 181-
199. 
Brett, P. (1995). Multimedia for listening comprehension: The design of a multimedia-based 
resource for developing listening skills. System, 23, 77-85. 
Butler, K. A., & Lumpe, A. (2008). Student use of scaffolding software: Relationships with 
motivation and conceptual understanding. Journal of Science Education and Technology, 17, 
427-436. 
Celic, C., & Seltzer, K. (2011). Translanguaging: A CUNY-NYSIEB guide for educators. New York, 
NJ: CUNY – NYSIEB, The Graduate Center, City University of New York. 
Chang, C.-C., Tseng, K. H., & Tseng, J. S. (2011). Is single or dual channel with different English 
proficiencies better for English listening comprehension, cognitive load and attitude in 
ubiquitous learning environment? Computers & Education, 57, 2313-2321. 
Cheung, A. C. K., & Slavin, R. E. (2012). Effective reading programs for Spanish-dominant English 
Language Learners (ELLs) in the elementary grades: A synthesis of research. Review of 
Educational Research, 82, 351-395. 
Chita-Tegmark, M., Gravel, J. W., Serpa, M. deL. B., Domings, Y., & Rose, D. H. (2012). Using the 
universal design for learning framework to support culturally diverse learners. Journal of 
Education, 192, 17-22. 
General discussion and conclusion 
249 
 
Clarebout, G., Elen, J., Johnson, W. L., & Shaw, E. (2002). Animated pedagogical agents: An 
opportunity to be grasped? Journal of Educational Multimedia and Hypermedia, 11, 267-286. 
Clark, D. B., Touchman, S., Martinez-Garza, M., Ramirez-Marin, F., & Drews, T. S. (2012). Bilingual 
language supports in online science inquiry environments. Computers & Education, 58, 1207-
1224. 
Collier, V. P. (1987). Age and rate of acquisition of second language for academic purposes. 
TESOL Quarterly, 21, 617-641. 
Corcoll, C. (2013). Developing children’s language awareness: switching codes in the language 
classroom. International Journal of Multilingualism, 10, 27-45. 
Cox, K. E., & Guthrie, J. T. (2001). Motivational and cognitive contributions to students’ amount of 
reading. Contemporary Educational Psychology, 26, 116-131. 
Creemers, B. P. M., & Kyriakides, L. (2007). The dynamics of educational effectiveness: A 
contribution to policy, practice and theory in contemporary schools. London: Routledge. 
Crevits, H. (2014). Beleidsnota 2014-2019 Onderwijs [Policy note 2014-2019 Education]. Brussel: 
Vlaamse Overheid - Afdeling Communicatie, Departement Diensten voor het Algemeen 
Regeringsbeleid. 
Cummins, J. (1979). Linguistic interdependence and the educational development of bilingual 
children. Bilingual Education Paper Series, 3(2), 2-69. 
Cummins, J. (2000). Language, Power, and Pedagogy: Bilingual Children in the Crossfire. Clevedon: 
Multilingual Matters. 
Cummins, J. (2005). A proposal for action: Strategies for recognizing heritage language 
competence as a learning resource within the mainstream classroom. The Modern Language 
Journal, 89, 585-592. 
Cummins, J. (2008). Teaching for transfer: Challenging the two solitudes assumption in bilingual 
education. In J. Cummins & N. Hornberger (Eds.), Encyclopedia of language and education. 2nd 
edition. Volume 5: Bilingual education (pp.i-xi). New York, NY: Springer Science + Business 
Media LLC. 
Curenton, S. M., & Justice, L. M. (2004). African American and Caucasian preschoolers’ use of 
decontextualized language: Literate language features in oral narratives. Language, Speech, 
and Hearing Services in Schools, 35, 240-253. 
Dalton, B., & Proctor, C. P. (2007). Reading as thinking: Integrating strategy instruction in a 
universally designed digital literacy environment. In D. S. McNamara (Ed.), Reading 
comprehension strategies: Theories, interventions, and technologies (pp. 421-439). Mahwah, 
NJ: Lawrence Erlbaum Associates. 
Dalton, B., Proctor, C. P., Uccelli, P., Mo, E., & Snow, C. E. (2011). Designing for diversity: The role 
of reading strategies and interactive vocabulary in a digital reading environment for fifth-
grade monolingual English and bilingual students. Journal of Literacy Research, 43, 68-100. 
Dalton, B., & Strangman, N. (2006). Improving struggling readers’ comprehension through 
scaffolded hypertexts and other computer-based literacy programs. In M. C. McKenna, L. D. 
Labbo, R. D. Kieffer, & D. Reinking (Eds.), International Handbook of Literacy and Technology – 
Volume II (pp. 75-92). Mahwah, NJ: Lawrence Erlbaum Associates. 
Chapter 8 
250 
 
De Backer, F., Van Biesen, L., Agirdag, O., Slembrouck, S., Struys, E., Van Avermaet, P., Van de 
Craen, P., Van Houtte, M. (2015). Meertaligheid als realiteit op school: Eindrapport 2015 
[Multilingualism as reality at school: Final report 2015]. Gent & Brussel: Universiteit Gent & 
Vrije Universiteit Brussel. 
Declercq, K., Denies, K., & Janssen, R. (2012). Vlaamse vreemdetalenkennis in Europees 
perspectief: Balans van het ESLC-onderzoek [Flemish foreign language knowledge in European 
perspective: Balance of the ESLC-study]. Brussels: Department of Education and Training. 
Deubel, P. (2003). An investigation of behaviorist and cognitive approaches to instructional 
multimedia design. Journal of Educational Multimedia and Hypermedia, 12, 63-90. 
Dexter, S., Anderson, R. E., & Becker, H. J. (1999). Teachers’ views of computers as catalysts for 
changes in their teaching practice. Journal of Research on Computing in Education, 31, 221-
239. 
Duibhir, P., & Cummins, J. (2012). Towards an integrated language curriculum in early childhood 
and primary education (3-12 years) - Commissioned research report. Dublin: National Council 
for Curriculum and Assessment. 
Duncan, G. J., Yeung, W. J., Brooks-Gunn, J., & Smith, J. R. (1998). How much does childhood 
poverty affect the life chances of children? American Sociological Review, 63, 406-423. 
Edwards, V., Monaghan, F., & Knight, J. (2000). Books, pictures and conversations: Using 
bilingual multimedia storybooks to develop language awareness. Language Awareness, 9, 
135-146. 
Fang, Z. (2006). The language demands of science reading in middle school. International Journal 
of Science Education, 28, 491-520. 
Ferguson, G. (2003). Classroom code-switching in post-colonial contexts: Functions, attitudes 
and policies. AILA Review, 16, 38-51. 
Ferguson, G. (2009). What next? Towards an agenda for classroom codeswitching research. 
International Journal of Bilingual Education and Bilingualism, 12, 231-241. 
Freeman, B., & Crawford, L. (2008). Creating a middle school mathematics curriculum for 
English-language learners. Remedial and Special Education, 29, 9-19. 
Frijns, C., Sierens, S., Van Gorp, K., Van Avermaet, P., Sercu, L., & Devlieger, M. (2011). ’t Is goe, juf, 
die spreekt mijn taal! Wetenschappelijk rapport over talensensibilisering in de Vlaamse 
onderwijscontext [It’s okay, Miss, that one speaks my language! Scientific report on language 
awareness in the Flemish educational context]. Leuven - Gent: KULeuven – UGent. 
Fullan, M. G. (2001). The New Meaning of Educational Change. London: Routledge. 
Fung, I. Y., Wilkinson, I. A., & Moore, D. W. (2003). L1-assisted reciprocal teaching to improve 
ESL students’ comprehension of English expository text. Learning and Instruction, 13, 1-31. 
García, O., Kleifgen, J. A., & Falchi, L. (2008). From English language learners to emergent 
bilinguals. New York, NY: Teachers College, Columbia University. 
García, O., & Leiva, C. (2014). Theorizing and enacting translanguaging for social justice. In A. 
Blackledge & A. Creese (Eds.), Heteroglossia as Practice and Pedagogy (pp. 199-216). 
Dordrecht: Springer. 
General discussion and conclusion 
251 
 
García, O., & Wei, L. (2014). Translanguaging: Language, bilingualism and education. New York, 
NY: Palgrave Macmillan. 
Geijsel, F., Sleegers, P., van den Berg, R., & Kelcthermans, G. (2001). Conditions fostering the 
implementation of large-scale innovation programs in schools: Teachers’ perspectives. 
Educational Administration Quarterly, 37, 130-166. 
Gersten, R., & Baker, S. (2000). What we know about effective instructional practices for English-
Language Learners. Exceptional Children, 66, 454-470. 
Gess-Newsome, J., Southerland, S. A., Johnston, A., & Woodbury, S. (2003). Educational reform, 
personal practical theories, and dissatisfaction: The anatomy of change in college science 
teaching. American Educational Research Journal, 40, 731-767. 
Gielen, S., Bellens, K., Belfi, B., & Van Damme, J. (2012). Het vierde leerjaar lager onderwijs in 
Vlaanderen: Resultaten van TIMSS 2011 in internationaal perspectief en in vergelijking met 
TIMSS 2003 [The 4th grade of primary education in Flanders: Results from TIMSS 2011 in an 
international perspective and in comparison with TIMSS 2003]. Leuven, Belgium: Centre for 
Educational Effectiveness and Evaluation. 
Goldenberg, C. (2008). Teaching English Language Learners: What the research does – and does 
not – say. American Educator, 32(2), 8-44. 
Goodrich, J. M. G., Lonigan, C. J., & Farver, J. M. (2013). Do early literacy skills in children’s first 
language promote development of skills in their second language? An experimental 
evaluation of transfer. Journal of Educational Psychology, 105, 414-426. 
Goriot, C., Denessen, E., Bakker, J., & Droop, M. (2015). Benefits of being bilingual? The 
relationship between pupils’ perceptions of teachers’ appreciation of their home language 
and executive functioning. International Journal of Bilingualism, 1-14. doi: 
10.1177/1367006915586470 
Gort, M. (2006). Strategic codeswitching, interliteracy, and other phenomena of emergent 
bilingual writing: Lessons from first grade dual language classrooms. Journal of Early 
Childhood Literacy, 6, 323-354. 
Gort, M. (2012). Code-switching patterns in the writing-related talk of young emergent 
bilinguals. Journal of Literacy Research, 44, 45-75. 
Gumperz, J. J., & Cook-Gumperz, J. (2005). Making space for bilingual communicative practice. 
Intercultural Pragmatics, 2, 1-23. 
Guskey, T. R. (2002). Professional development and teacher change. Teachers and Teaching, 8, 
381-391. 
Guthrie, J. T., Schafer, W. D., & Huang, C.-W. (2001). Benefits of opportunity to read and balanced 
instruction on the NAEP. Journal of Educational Research, 94, 145-162. 
Hakuta, K., Goto Butler, Y., & Witt, D. (2000). How long does it take English learners to attain 
proficiency? Berkeley, CA: University of California, Linguistic Minority Research Institute. 
Handelzalts, A. (2009). Collaborative curriculum development in teacher design teams 
(Unpublished doctoral dissertation). University of Twente, Enschede. 
Hannafin, M. J., & Land, S. M. (1997). The foundations and assumptions of technology-enhanced 
student-centered learning environments. Instructional Science, 25, 167-202. 
Chapter 8 
252 
 
Harris, S. (2002). Innovative pedagogical practices using ICT in schools in England. Journal of 
Computer Assisted Learning, 18, 449-458. 
Hattie, J., & Timperley, H. (2007). The power of feedback. Review of Educational Research, 77, 81-
112. 
Hélot, C. (2012). Linguistic diversity and education. In M. Martin-Jones, A. Blackledge, & A. 
Creese (Eds.), The Routledge Handbook of Multilingualism (pp. 214-231). New York, NY: 
Routledge. 
Helot, C., & Young, A. (2002). Bilingualism and language education in French primary schools: 
Why and how should migrant languages be valued? International Journal of Bilingual 
Education and Bilingualism, 5, 96-112. 
Hopkins, D. (2001). School Improvement for Real. New York, NY: Routledge. 
Hopkins, D., & Harris, A. (1997). Improving the quality of education for all. Support for Learning, 
12, 147-151. 
Hox, J. J. (1995). Applied multilevel analysis. Amsterdam: TT-Publikaties. 
Kenner, C., Gregory, E., Ruby, M., & Al-Azami, S. (2008). Bilingual learning for second and third 
generation children. Language, Culture and Curriculum, 21, 120-137. 
Jiménez, R. T. (1997). The strategic reading abilities and potential of five low-literacy Latina/o 
readers in middle school. Reading Research Quarterly, 32, 224-243. 
Jiménez, R. T., García, G. E., & Pearson, P. D. (1995). Three children, two languages, and strategic 
reading: Case studies in bilingual/monolingual reading. American Educational Research 
Journal, 32, 67-97. 
Jiménez, R. T., García, G. E., & Pearson, P. D. (1996). The reading strategies of bilingual Latina/o 
students who are successful English readers: Opportunities and obstacles. Reading Research 
Quarterly, 31, 90-112. 
Kalyuga, S. (2012). Instructional benefits of spoken words: A review of cognitive load factors. 
Educational Research Review, 7, 145-159. 
Kuppens, A. (2007). De invloed van mediagebruik op de verwerving van Engelse woordenschat: 
Een empirische studie bij Vlaamse jongeren [The influence of media use on the acquisition of 
English vocabulary: An empirical study among Flemish teenagers]. Tijdschrift voor 
Communicatiewetenschap, 35, 325-336. 
Lajoie, S. P., & Azevedo, R. (2006). Teaching and learning in technology-rich environments. In 
P.A. Alexander & P.H. Winne, Handbook of educational psychology (pp. 803-821) (2nd 
edition). Mahway, NJ: Lawrence Erlbaum Associates. 
Lanauze, M., & Snow, C. (1989). The relation between first- and second-language writing skills: 
Evidence from Puerto Rican elementary school children in bilingual programs. Linguistics and 
Education, 1, 323-339. 
Langer, J. A., Bartolome, L., Vasquez, O., & Lucas, T. (1990). Meaning construction in school 
literacy tasks: A study of bilingual students. American Educational Research Journal, 27, 427-
471. 
Lantolf, J. P. (2000). Second language learning as a mediated process. Language Teaching, 33, 79-
96. 
General discussion and conclusion 
253 
 
Lantolf, J. P., & Thorne, S. L. (2007). Sociocultural theory and second language learning. In B. van 
Patten & J. Williams (Eds.), Theories in Second Language Acquisition (pp. 201-224). Mahwah, 
NJ: Lawrence Erlbaum Associates. 
Laufer, B. (2003). Vocabulary acquisition in a second language: Do learners really acquire most 
vocabulary by reading? Some empirical evidence. The Canadian Modern Language Review, 59, 
567-587. 
Leithwood, K. A., & Riehl, C. (2003). What we know about successful school leadership. 
Philadelphia, PA: Laboratory for Student Success, Temple University. 
Leppänen, U., Aunola, K., & Nurmi, J. E. (2005). Beginning readers’ reading performance and 
reading habits. Journal of Research in Reading, 28, 383-399. 
Leslie, K. C., Low, R., Jin, P., & Sweller, J. (2012). Redundancy and expertise reversal effects when 
using educational technology to learn primary school science. Educational Technology 
Research and Development, 60, 1-13. 
Lewis, G., Jones, B., & Baker, C. (2012). Translanguaging: Developing its conceptualization and 
contextualization. Educational Research and Evaluation, 18, 655-670. 
Liebscher, G., & Dailey-O’Cain, J. (2005). Learner code-switching in the content-based foreign 
language classroom. The Modern Language Journal, 89, 234-247. 
Linnenbrink, E. A., & Pintrich, P. R. (2002). Motivation as an enabler for academic success. 
Psychology Review, 31, 313-327. 
Littlewood, W., & Yu, B. (2011). First language and target language in the foreign language 
classroom. Language Teaching, 44, 64-77. 
Lo, Y.-C. (2009). A study of preservice teachers’ attitudes toward English Language Learners and 
perceptions of their professional education training and instructional strategies regarding 
English Language Learners (Unpublished doctoral dissertation). College of Graduate Studies 
Texas A&M University, Kingsville. 
Macaro, E. (2005). Codeswitching in the L2 classroom: A communcation and learning strategy. In 
E. Llurda (Ed.), Non-native language teachers: Perceptions, challenges and contributions to the 
profession (pp. 63-84). Boston, MA: Springer. 
Maerten-Rivera, J., Myers, N., Lee, O., & Penfield, R. (2010). Student and school predictors of 
high-stakes assessment in science. Science Education, 94, 937-962. 
Mahmoud, A. (2006). Translation and foreign language reading comprehension: A neglected 
didactic procedure. English Teaching Forum, 4, 28-40. 
Martin, M. O., Mullis, I. V. S., Foy, P., & Stanco, G. M. (2012). TIMSS 2011 International Results in 
Science. Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston College. 
Martin-Beltrán, M. (2010). The two-way language bridge: Co-constructing bilingual language 
learning opportunities. The Modern Language Journal, 94, 254-277. 
Mayer, R. E. (2010). Cognitive theory of multimedia learning. In R. E. Mayer (Ed.), The Cambridge 
Handbook of Multimedia Learning (pp. 31-48). New York, NY: Cambridge University Press. 
Mayer, R. E., & Gallini, J. K. (1990). When is an illustration worth ten thousand words? Journal of 
Educational Psychology, 82, 715-726. 
Chapter 8 
254 
 
Mayer, R. E., Steinhoff, K., Bower, G., & Mars, R. (1995). A generative theory of textbook design: 
Using annotated illustrations to foster meaningful learning of science text. Educational 
Technology Research and Development, 43, 31-43. 
McKenney, S. E., & Reeves, T. C. (2012). Conducting educational design research. New York, NY: 
Routledge. 
McLaughlin, B. (1992). Myths and misconceptions about second language learning: What every 
teacher needs to unlearn. Santa Cruz, CA: National Center for Research on Cultural Diversity 
and Second Language Learning. 
Melby-Lervag, M., & Lervag, A. (2014). Reading comprehension and its underlying components 
in second-language learners: A meta-analysis of studies comparing first- and second-language 
learners. Psychological Bulletin, 140, 409-433. 
Meyer, A., & Rose, D. H. (2005). The future is in the margins: The role of technology and disability 
in educational reform. In D. H. Rose, A. Meyer & C. Hitchcock (Eds.), The universally designed 
classroom: Accessible curriculum and digital technologies (pp. 13-35). Cambridge, MA: 
Harvard Education Press. 
Miller, J. F., Heilmann, J., Nockerts, A., Iglesias, A., Fabiano, L., & Francis, D. J. (2006). Oral 
language and reading in bilingual children. Learning Disabilities Research & Practice, 21, 30-
43. 
Montali, J., & Lewandowski, L. (1996). Bimodal reading: Benefits of a talking computer for 
average and less skilled readers. Journal of Learning Disabilities, 29, 271-279. 
Moreno, R., & Durán, R. (2004). Do multiple representations need explanations? The role of 
verbal guidance and individual differences in multimedia mathematics learning. Journal of 
Educational Psychology, 96, 492-503. 
Moreno, R., & Mayer, R. (2007). Interactive multimodal learning environments. Educational 
Psychology Review, 19, 309-326. 
Msimanga, A., & Lelliott, A. (2014). Talking science in multilingual contexts in South Africa: 
Possibilities and challenges for engagement in learners’ home languages in high school 
classrooms. International Journal of Science Education, 36, 1159-1183. 
Mueller, G. A. (1980). Visual contextual cues and listening comprehension: An experiment. The 
Modern Language Journal, 64, 335-340. 
Nagy, W. E., García, G. E., Durgunoğlu, A. Y., & Hancin-Bhatt, B. (1993). Spanish-English bilingual 
students’ use of cognates in English reading. Journal of Reading Behavior, 25, 241-259. 
O'Reilly, T., & McNamara, D. S. (2007). The impact of science knowledge, reading skill, and 
reading strategy knowledge on more traditional "high-stakes" measures of high school 
students' science achievement. American Educational Research Journal, 44, 161-196. 
Organisation for Economic Co-operation and Development (OECD). (2009). Top of the Class: High 
performers in science in PISA 2006. Paris: OECD. 
Organisation for Economic Co-operation and Development (OECD). (2010). PISA 2009 Results: 
Overcoming social background – Equity in learning opportunities and outcomes (Volume II). 
Paris: OECD. 
General discussion and conclusion 
255 
 
Park, M. S. (2013). Code-switching and translanguaging: Potential functions in multilingual 
classrooms. Working Papers in TESOL & Applied Linguistics, 13, 50-52. 
Pea, R. D. (2004). The social and technological dimensions of scaffolding and related theoretical 
concepts for learning, education, and human activity. Journal of the Learning Sciences, 13(3), 
423-451. 
Pintrich, P. R. (2005). The role of goal orientation in self-regulated learning. In M. Boekaerts, P. R. 
Pintrich, & M. Zeidner (Eds.), Handbook of self-regulation (pp. 451-502). Burlington, MA: 
Elsevier Academic Press. 
Plass, J. L., Chun, D.M., Mayer, R. E., & Leutner, D. (1998). Supporting visual and verbal learning 
preferences in a second-language multimedia learning environment. Journal of Educational 
Psychology, 90, 25-36. 
Plass, J. L., Chun, D. M., Mayer, R. E., & Leutner, D. (2003). Cognitive load in reading a foreign 
language text with multimedia aids and the influence of verbal and spatial abilities. 
Computers in Human Behavior, 19, 221-243. 
Proctor, C. P., August, D., Carlo, M., & Snow, C. (2006). The intriguing role of Spanish vocabulary 
knowledge in predicting English reading comprehension. Journal of Educational Psychology, 
98, 159-169. 
Proctor, C. P., Dalton, B., & Grisham, D. L. (2007). Scaffolding English Language Learners and 
struggling readers in a universal literacy environment with embedded strategy instruction 
and vocabulary support. Journal of Literacy research, 39, 71-93. 
Pulinx, R., Agirdag, O., & Van Avermaet, P. (2014). Taal en onderwijs: Percepties en praktijken in 
de klas [Language and education: Perceptions and practices in the classroom]. In N. Cliycq, C. 
Timmerman, P. Van Avermaet, J. Wets & P. Hermans (Eds.), Oprit 14. Naar een schooltraject 
zonder snelheidsbeperkingen [Access 14. To a school course without speed limits] (pp. 97-
133). Gent: Academia Press. 
Ramaut, G., Sierens, S., Bultynck, K., Van Avermaet, P., Slembrouck, S., Van Gorp, K., & Verhelst, M. 
(2013). Evaluatieonderzoek van het project ‘Thuistaal in onderwijs’ (2009-2012): Eindrapport 
[Evaluation study on the project ‘Home language in education’ (2009-2012): Final report]. 
Ghent: Department of Education and Upbringing. 
Reyes, I. (2004). Functions of code switching in schoolchildren’s conversations. Bilingual 
Research Journal, 28, 77-98. 
Riches, C., & Genesee, F. (2006). Literacy: Crosslinguistic and crossmodal issues. In F. Genesee, K. 
Lindholm-Leary, W. Saunders, & D. Christian (Eds.), Educating English Language Learners: A 
Synthesis of Research Evidence (pp. 64-108). New York, NJ: Cambridge University Press. 
Rogers, E. M. (2003). Diffusion of innovations (5th ed.). New York, NY: Free Press. 
Rosiers, K., Willaert, K., Van Avermaet, P., & Slembrouck, S. (in press). Interaction for transfer: 
Flexible approaches to multilingualism and their pedagogical implications for classroom 
interaction in linguistically diverse mainstream classrooms. Language and Education. doi: 
10.1080/09500782.2015.1117097 
Sadler, D. R. (1989). Formative assessment and the design of instructional systems. Instructional 
Science, 18, 119-144. 
Chapter 8 
256 
 
Seashore Louis, K. (1994). Beyond ‘managed change’: Rethinking how schools improve. School 
Effectiveness and School Improvement, 5, 2-24. 
Sharma, P., & Hannafin, M. J. (2007). Scaffolding in technology-enhanced learning environments. 
Interactive Learning Environments, 15, 27-46. 
Sierens, S., & Van Avermaet, P. (2014). Language diversity in education: Evolving from 
multilingual education to functional multilingual learning. In D. Little, C. Leung & P. Van 
Avermaet (Eds.), Managing diversity in education: languages, policies, pedagogies (pp. 204-
222). Bristol, UK: Multilingual Matters. 
Slavin, R. E. (2005). Sand, bricks, and seeds: School change strategies and readiness for reform. 
In D. Hopkins (Ed.), The Practice and Theory of School Improvement (pp. 265-279). Dordrecht: 
Springer. 
Smet, P. (2011). Conceptnota – Samen taalgrenzen verleggen [Concept note – Moving linguistic 
frontiers together]. Retrieved from 
http://www.ond.vlaanderen.be/nieuws/2011/doc/talennota_2011.pdf 
Snow, C. E. (1990). Rationales for native language instruction: Evidence from research. In A. M. 
Padilla, H. H. Fairchild & C. M. Valadez (Eds.), Bilingual education: Issues and strategies (pp. 
60-74). Newbury Park, CA: Sage. 
Snow, E. L., Jackson, G. T., & McNamara, D. S. (2014). Emergent behaviors in computer-based 
learning environments: Computational signals of catching up. Computers in Human Behavior, 
41, 62-70. 
Söderberg Arnfast, J., & Jørgensen, J. N. (2003). Code-switching as a communication, learning, 
and social negotiation strategy in first-year learners of Danish. International Journal of 
Applied Linguistics, 13, 23-53. 
Solis, M., Miciak, J., Vaughn, S., & Fletcher, J. M. (2014). Why intensive interventions matter: 
Longitudinal studies of adolescents with reading disabilities and poor reading 
comprehension. Learning Disability Quarterly, 37, 218-229. 
Spector, J. M., Johnson, T. E., & Young, P. A. (2014). An editorial on research and development in 
and with educational technology. Educational Technology Research and Development, 62, 1-
12. 
Stoll, L., Fink, D., & Earl, L. (2003). It's about learning (and it's about time): What's in it for 
schools? New York, NY: Routledge. 
Storch, N., & Aldosari, A. (2010). Learners’ use of first language (Arabic in pair work in an EFL 
class. Language Teaching Research, 14, 355-375. 
Storch, N., & Wigglesworth, G. (2003). Is there a role for the use of the L1 in an L2 setting? TESOL 
Quarterly, 37, 760-770. 
Swain, M., & Lapkin, S. (2000). Task-based second language learning: The uses of the first 
language. Language Teaching Research, 4, 251-274. 
Sweller, J. (2010). Implications of cognitive load theory for multimedia learning. In R. E. Mayer 
(Ed.), The Cambridge Handbook of Multimedia Learning (pp. 19-30). New York, NY: Cambridge 
University Press. 
General discussion and conclusion 
257 
 
Sweller, J., & Chandler, P. (1994). Why some material is difficult to learn. Cognition and 
Instruction, 12, 185-233. 
Taboada, A. (2012). Relationships of general vocabulary, science vocabulary, and student 
questioning with science comprehension in students with varying levels of English 
proficiency. Instructional Science, 40, 901-923. 
Thomas, W. P., & Collier, V. P. (2002). A national study of school effectiveness for language 
minority students’ long-term academic achievement. Santa Cruz, CA: Center for Research on 
Education, Diversity and Excellence, University of California-Santa Cruz. 
Unamuno, V. (2008). Multilingual switch in peer classroom interaction. Linguistics and 
Education, 19, 1-19. 
Upton, T. A., & Lee-Thompson, L.-C. (2001). The role of the first language in second language 
reading. Studies in Second Language Acquisition, 23, 469-495. 
Van Avermaet, P. (2008). Taalverschuiving in de Italiaanse gemeenschap in Eisden, Maasmechelen 
[Linguistic shift in the Italian community in Eisden, Maasmechelen] (Unpublished doctoral 
dissertation). Katholieke Universiteit Leuven, Leuven. 
Van Avermaet, P., Slembrouck, S., & Simon-Vandenbergen, A.-M. (2015). Talige diversiteit in het 
Vlaams onderwijs: Problematiek en oplossingen [Linguistic diversity in Flemish education: 
Problems and solutions]. Brussel: Koninklijke Vlaamse Academie van België voor 
Wetenschappen en Kunsten. 
van den Berg, R., & Ros, A. (1999). The permanent importance of the subjective reality of 
teachers during educational innovation: A concerns-based approach. American Educaitonal 
Research Journal, 36, 879-906. 
Van den Branden, K. (2010). Handboek taalbeleid basisonderwijs [Handbook language policy 
primary education]. Leuven: Acco. 
Van den Branden, K., & Verhelst, M. (2011). Naar een volwaardig talenbeleid. Omgaan met 
meertaligheid in het Vlaams onderwijs. Vonk, 40, 3-27. 
van Gog, T. (2013). Time on task. In J. Hattie & E. M. Anderman, International Guide to Student 
Achievement (pp. 432-433). New York, NY: Routledge. 
van Merriënboer, J. J. G., & Kester, L. (2010). The four-component instructional design model: 
Multimedia principles in environments for complex learning. In R. E. Mayer (Ed.), The 
Cambridge Handbook of Multimedia Learning (pp. 71-93). New York, NY: Cambridge 
University Press. 
Vandenbroucke, F. (2005). De lat hoog voor talen in iedere school – Goed voor de sterken, sterk 
voor de zwakken [Setting the bar high for every school – Good for the strong, strong for the 
weak]. Retrieved from http://www.coc.be/files/publications/.88/talenbeleidsnota_.pdf 
Vanderlinde, R. (2011). School-based ICT policy planning in a context of curriculum reform 
(Unpublished doctoral dissertation). Ghent University, Ghent. 
Vanderlinde, R., & van Braak, J. (2010). The gap between educational research and practice: 
Views of teachers, school leaders, intermediaries and researchers. British Educational 
Research Journal, 36, 299-316. 
Chapter 8 
258 
 
Verhoeven, L. T. (1990). Acquisition of reading in a second language. Reading Research Quarterly, 
25, 90-114. 
Vertovec, S. (2007). Super-diversity and its implications. Ethnic and Racial Studies, 30, 1024-
1054. 
Vygotsky, L. S. (1978). Mind in society: The development of higher psychological processes. 
Cambridge, MA: Harvard University Press. 
Webb, S., & Rodgers, M. P. H. (2009). Vocabulary demands of television programs. Language 
Learning, 59, 335-366. 
Wei, R. C., Darling-Hammond, L., Andree, A., Richardson, N., & Orphanos, S. (2009). Professional 
learning in the learning profession: A status report on teacher development in the United States 
and abroad. Dallas, TX: National Staff Development Council. 
Wenger, E., McDermott, R. A., & Snyder, W. (2002). Cultivating communities of practice: A guide to 
managing knowledge. Boston, MA: Harvard Business School Press. 
White, K. R. (1982). The relation between socio-economic status and academic achievement. 
Psychological Bulletin, 91, 461-481. 
Willans, F. (2011). Classroom code-switching in a Vanuatu secondary school: Conflict between 
policy and practice. International Journal of Bilingual Education and Bilingualism, 14, 23-38. 
Witteman, M. J., & Segers, E. (2010). The modality effect tested in children in a user-paced 
multimedia environment. Journal of Computer Assisted Learning, 26, 132-142. 
Wong, E. M. L., Li, S. S. C., Choi, T.-H., & Lee, T. N. (2008). Insights into innovative classroom 
practices with ICT: Identifying the impetus for change. Educational Technology & Society, 11, 
248-265. 
Wood, D., Bruner, J., & Ross, G. (1976). The role of tutoring in problem solving. Journal of Child 
Psychology and Psychiatry, 17, 89-100. 
Woodbury, S., & Gess-Newsome, J. (2002). Overcoming the paradox of change without 
difference: A model of change in the arena of fundamental school reform. Educational Policy, 
16, 763-782. 
Yelland, N., & Masters, J. (2007). Rethinking scaffolding in the information age. Computers & 
Education, 48, 362-382. 
Yeung, A. S., Marsh, H. W., & Suliman, R. (2000). Can two tongues live in harmony: Analysis of the 
National Education Longitudinal Study of 1988 (NELS88) longitudinal data on the 
maintenance of home language. American Educational Research Journal, 37(4), 1001-1026. 
Zhao, Y. (1997). The effects of listeners’ control of speech rate on second language 
comprehension. Applied Linguistics, 18, 49-68. 
Zimmerman, B. J. (2005). Attaining self-regulation: A social cognitive perspective. In M. 
Boekaerts, P. R. Pintrich, & M. Zeidner (Eds.), Handbook of self-regulation (pp. 13-39). 
Burlington, MA: Elsevier Academic Press. 
Zuengler, J., & Miller, E. (2006). Cognitive and sociocultural perspectives: Two parallel SLA 
worlds? TESOL Quarterly, 40, 35-58. 
 
 
 259 
 
 
 
 
 
 
 
 
Nederlandstalige samenvatting 
Summary in Dutch 
 
 
 
 
 
 
  
 
Nederlandstalige samenvatting 
261 
 
 
Nederlandstalige samenvatting 
Het ondersteunen van talige diversiteit in het basisonderwijs: 
Het ontwerp, het gebruik en de evaluatie 
van een digitale leeromgeving 
 
 
1. Inleiding 
De huidige maatschappij wordt gekenmerkt door een sterke culturele en talige diversiteit, die in 
grote mate voortkomt uit migratie- en globalisatieprocessen (Vertovec, 2007). Hierdoor is er een 
gestage groei in het aantal kinderen dat opgevoed wordt in een andere taal dan Nederlands. 
Deze trend weerspiegelt zich ook in het onderwijsveld, aangezien een beduidende groep 
leerlingen de school binnenkomt met een gevarieerd talig repertoire (Van den Branden & 
Verhelst, 2011). In de schoolcontext wordt de instructietaal, namelijk het Nederlands, echter 
meestal beschouwd als het enige aangewezen communicatiemiddel voor onderwijs. Met 
uitzondering van vreemdetalenonderwijs worden de ontwikkelde competenties in andere talen 
dan de instructietaal vaak niet erkend (Hélot, 2012). 
De thuistaal van leerlingen kan echter een niet te onderschatten bron zijn om hun leerproces 
in het Nederlands te ondersteunen. De thuistaal verwijst naar de taal die leerlingen thuis 
gebruiken. Deze stemt meestal overeen met de taal waarin leerlingen opgevoed worden. In de 
context van dit proefschrift worden meertalige leerlingen gedefinieerd als leerlingen die thuis 
hoofdzakelijk (een) andere ta(a)l(en) gebruiken dan Nederlands. Zij hebben bijgevolg reeds 
kennis en vaardigheden opgebouwd in hun thuistaal wanneer ze aan hun schoolloopbaan 
beginnen (Goldenberg, 2008). Nederlandstalige leerlingen worden omschreven als leerlingen 
die thuis dezelfde taal gebruiken als de instructietaal, namelijk Nederlands. Zij komen weliswaar 
vanaf jonge leeftijd in contact met verschillende talen (bv. Engels, Frans,…) via televisie, muziek, 
het internet en computerspelletjes (Declercq, Denies, & Janssen, 2012). 
Zowel nationaal als internationaal onderzoek toont aan dat leerlingen die thuis een andere 
taal gebruiken dan de instructietaal zwakkere leerprestaties hebben dan leerlingen voor wie de 
thuistaal overeenkomt met de instructietaal (Bellens, Arkens, Van Damme, & Gielen, 2013; 
Martin, Mullis, Foy, & Stanco, 2012; OECD, 2009). Ook in Vlaanderen is er sprake van een 
prestatiekloof tussen meertalige en Nederlandstalige leerlingen. Deze kloof is niet enkel 
vastgesteld voor taal en wiskunde, maar ook voor wereldoriëntatie. Mede hierdoor leggen 
beleidsmakers een sterke nadruk op een eentalig onderwijsbeleid, waarin de ontwikkeling van 
de taalvaardigheid in de instructietaal prioriteit heeft (Crevits, 2014; Smet, 2011; 
Vandenbroucke, 2005). Zij beschouwen een hoog vaardigheidsniveau in de nationale 
standaardtaal immers als een van de belangrijkste vereisten om volwaardig te kunnen 
participeren aan het schoolleven, de arbeidsmarkt en de maatschappij (Pulinx, Agirdag, & Van 
Avermaet, 2014). De thuistaal van meertalige leerlingen wordt door beleidsmakers bijgevolg 
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niet erkend als een bron om te leren maar beschouwd als een struikelblok voor een succesvolle 
schoolcarrière (Agirdag, 2010). Het gebruik van andere talen of variëteiten van Nederlands 
wordt beperkt of zelfs uitgesloten uit de klaspraktijk (Sierens & Van Avermaet, 2014). 
Meertalige leerlingen worden hierbij doorgaans ondergedompeld in een Nederlandstalig 
taalbad, zonder enige verwijzing naar de competentie die ze reeds ontwikkeld hebben in hun 
thuistaal (Goldenberg, 2008; Kenner, Gregory, Ruby, & al-Azami, 2008). 
In lijn hiermee maken ook leerkrachten, vaak met de beste bedoelingen, louter gebruik van 
de instructietaal in hun klaspraktijk. Zij schuiven hiervoor verschillende argumenten naar voren. 
Ten eerste zijn zij ervan overtuigd dat een sterke beheersing van de instructietaal de beste 
kansen biedt voor integratie in de maatschappij (Pulinx et al., 2014; Van den Branden & 
Verhelst, 2011). Ten tweede geloven leerkrachten erin dat zoveel mogelijk tijd moet besteed 
worden aan de instructietaal, aangezien zij aannemen dat meertalige leerlingen enkel op school 
in contact komen met Nederlands (McLaughlin, 1992; Pulinx et al., 2014; Van den Branden & 
Verhelst, 2011). Ten derde vrezen leerkrachten de controle te verliezen over hun klaspraktijk 
indien leerlingen andere talen zouden gebruiken (Pulinx et al., 2014; Van den Branden & 
Verhelst, 2011). Bovendien legt de huidige situatie, met klassen bestaande uit leerlingen met 
verschillende talige achtergronden, grote druk op leerkrachten: vaak missen zij de noodzakelijke 
expertise en hulpmiddelen om op een ondersteunende en strategische manier een beroep te 
doen op de thuistaal van elke leerling (Hélot, 2012; Pulinx et al., 2014). 
Ondanks het sterke geloof in het exclusieve gebruik van de instructietaal om de leerprestaties 
van meertalige leerlingen te verhogen, blijkt deze eentalige benadering niet aan de 
verwachtingen te voldoen: meertalige leerlingen blijven achterop hinken, waardoor ze een 
groter risico lopen om zwakker te presteren in vergelijking met hun Nederlandstalige 
klasgenoten. De reeds opgebouwde kennis en vaardigheden in hun thuistaal kan nochtans 
aangewend worden als een opstap om hun leerproces in het Nederlands in goede banen te 
leiden. Vygotsky (1978) stelt dat taal een van de essentiële middelen is die we leren verwerven 
om betekenis te geven aan de wereld rondom ons. Alle vormen van kennisverwerving en 
vaardigheidsontwikkeling zijn bijgevolg geworteld in taal en worden erdoor ondersteund. In lijn 
met de talige interdependentiehypothese van Cummins (1979) kan de opgebouwde competentie 
in de ene taal (i.c., de thuistaal) de ontwikkeling van een andere taal ondersteunen (i.c., de 
instructietaal), en vice versa. Dit maakt een uitwisseling van informatie tussen beide talen 
mogelijk. De thuistaal van meertalige leerlingen kan dus helpen in de verwerving van nieuwe 
kennis en vaardigheden in de instructietaal. Als hun thuistaal echter uitgesloten wordt uit de 
klaspraktijk, kunnen zij geen beroep doen op een van de belangrijkste middelen om hun 
leerproces te mediëren. 
De integratie van de thuistaal van meertalige leerlingen in de klaspraktijk kan hun leerproces 
immers op diverse manieren bevorderen. Ten eerste kunnen meertalige leerlingen hun thuistaal 
benutten als een belangrijke informatiebron om betekenis te construeren in de instructietaal 
(Langer, Bartolome, Vasquez, & Lucas, 1990). Door middel van de informatie die zij reeds 
verworven hebben in hun thuistaal kunnen zij meer inzicht krijgen in concepten in de 
instructietaal (Kenner et al., 2008). Ten tweede kunnen meertalige leerlingen via hun thuistaal 
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een beroep doen op een bredere waaier aan voorkennis (Fung, Wilkinson, & Moore, 2003; 
Jiménez, García, & Pearson, 1995). Ten derde wordt de inhoud van lessen en taken 
toegankelijker wanneer leerlingen hun thuistaal kunnen inzetten (Kenner et al., 2008; 
Littlewood & Yu, 2011). De verduidelijking van vragen en opdrachten door middel van hun 
thuistaal helpt hen om te begrijpen wat van hen verwacht wordt wanneer zij de noodzakelijke 
kennis in het Nederlands nog niet verworven hebben. Ten vierde kan het leren van hetzelfde 
materiaal door middel van verschillende talen het metalinguïstisch bewustzijn versterken: door 
de inhoud in beide talen te vergelijken en koppelingen te maken, krijgt men meer inzicht in de 
structuur en de werking van verschillende talen (Hélot, 2012; Martin-Beltran, 2010). Dit alles 
samen kan meertalige leerlingen helpen om zelf drempels te overwinnen, op een hoger cognitief 
niveau te werken en zich te richten op betekenisconstructie (Jiménez et al., 1995). Code-
switching, of het wisselen tussen talen, is hierbij een nuttige leerstrategie om connecties te 
leggen tussen inhoud in beide talen en om dus een uitwisseling van informatie mogelijk te 
maken.  
In de internationale context zijn verschillende onderwijsprogramma’s bekend die in 
meerdere of mindere mate de thuistaal van meertalige leerlingen integreren. Deze benaderingen 
zijn echter minder haalbaar in talig diverse contexten met klassen bestaande uit leerlingen met 
een gevarieerde talige achtergrond (García, Kleifgen, & Falchi, 2008). Functioneel meertalig 
leren biedt een mogelijk alternatief om hieraan tegemoet te komen (Sierens & Van Avermaet, 
2014). In deze benadering wordt het volledige talige repertoire van elke leerling erkend als een 
bron om te leren. In het bijzonder wordt de thuistaal van meertalige leerlingen doelbewust 
ingezet als een hefboom voor hun leerproces en hun sociaal-emotioneel welzijn. Dit kan 
bijdragen tot zowel de vaardigheid in de instructietaal als de kennisverwerving en 
vaardigheidsontwikkeling in beide talen (Jiménez et al., 1995, 1996; Upton & Lee-Thompson, 
2001). Het functioneel inzetten van de brede waaier aan talen die leerlingen binnenbrengen in 
de klas vormt echter een grote uitdaging voor leerkrachten. 
Onderwijstechnologie, en in het bijzonder digitale leeromgevingen, zijn een veelbelovend 
middel om functioneel meertalig leren te realiseren in talig diverse klassen. Onderzoek heeft 
reeds aangetoond dat het gebruik van digitale leeromgevingen de verwerving van complexe 
kennis en vaardigheden kan stimuleren (Lajoie & Azevedo, 2006). Bovendien kunnen zulke 
digitale leeromgevingen authentieke talige ondersteuning in verschillende talen aanbieden 
(Clark, Touchman, Martinez-Garza, Ramirez-Marin, & Drews, 2012). Dit maakt het mogelijk voor 
meertalige leerlingen om de inhoud in hun thuistaal aan te wenden als een opstap om 
kennisverwerving te bevorderen in de instructietaal (Sierens & Van Avermaet, 2014). Daarnaast 
kunnen Nederlandstalige leerlingen kennismaken met een vreemde taal, wat hun 
metalinguïstisch bewustzijn kan stimuleren (Hélot, 2012). Het onderzoek naar functioneel 
meertalig leren en de integratie van onderwijstechnologie in deze benadering is nog volop in 
ontwikkeling. Dit proefschrift gaat hier dieper op in aan de hand van verschillende 
onderzoeksdoelen. 
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2. Onderzoeksdoelen en design 
Dit proefschrift streeft ernaar inzicht te verwerven in het gebruik en de uitkomsten van een 
digitale leeromgeving die gericht is op het ondersteunen van de aanwezige talige diversiteit in 
het basisonderwijs. De focus ligt hierbij in het bijzonder op het benutten van de thuistaal van 
meertalige leerlingen in hun leerproces. Dit algemene doel leidt tot vier specifieke 
onderzoeksdoelen: 
 
Onderzoeksdoel 1: Het vaststellen van leerlingkenmerken en schoolkenmerken die 
verband houden met prestaties wereldoriëntatie, met een specifieke 
focus op leerlingen met een andere thuistaal dan de instructietaal. 
 
Onderzoeksdoel 2: Het ontwerpen, ontwikkelen en testen van een digitale leeromgeving 
met een meertalig karakter om kennisverwerving te ondersteunen in 
het leergebied wereldoriëntatie. 
 
Onderzoeksdoel 3: Het vaststellen van leerlingkenmerken en klaskenmerken die 
verband houden met het gebruik van tweetalige inhoud in de 
ontwikkelde meertalige digitale leeromgeving, met een specifieke 
focus op de tijd besteed aan beide talen, het switchen tussen talen en 
het gebruik van text-to-speech. 
 
Onderzoeksdoel 4: Het onderzoeken van het effect van een project, dat gericht is op de 
integratie van de thuistaal van meertalige leerlingen in de 
schoolcontext, op de prestaties wereldoriëntatie en het sociaal-
emotioneel welzijn van leerlingen, met een specifieke focus op het 
gebruik van de ontwikkelde meertalige digitale leeromgeving. 
 
Om deze doelen te bereiken, zijn zes empirische studies opgezet: vier kwantitatieve studies 
en twee kwalitatieve studies. De data voor de verschillende studies zijn gebaseerd op een 
interventie die is uitgevoerd in 60 scholen in Vlaanderen (Brussel, Gent en de Mijngemeenten). 
Voor en na de interventie vulden de leerlingen een vragenlijst en een aantal toetsen in. De 
interventie bestond uit het gebruik van verschillende tools, waaronder E-Validiv, een digitale 
leeromgeving met een meertalig karakter die zich richt op thema’s binnen het leergebied 
wereldoriëntatie (vanaf het schooljaar 2015-2016 de leergebieden ‘wetenschappen en techniek’ 
en ‘mens en maatschappij’). Meertalige leerlingen kunnen naast de instructietaal een beroep 
doen op hun thuistaal als deze beschikbaar is. In totaal kregen 898 leerlingen toegang tot E-
Validiv gedurende twee opeenvolgende schooljaren. Zij zijn gevolgd vanaf januari 2013, toen de 
leerlingen in het vierde leerjaar zaten, tot en met juni 2014, toen ze aan het einde van het vijfde 
leerjaar waren. 
Het eerste onderzoeksdoel is nagestreefd in de eerste studie (Hoofdstuk 2), waarin 
gerapporteerd wordt over een vragenlijstonderzoek. Hierbij is nagegaan of leerlingkenmerken 
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met betrekking tot achtergrond, de instructietaal en de thuistaal, en schoolkenmerken met 
betrekking tot de samenstelling van de school en de onderwijsbaarheidsverwachtingen van de 
leerkrachten verschillen kunnen verklaren in de prestaties wereldoriëntatie van leerlingen uit 
het vierde leerjaar. Daarvoor vulden 1761 leerlingen een achtergrondvragenlijst, een toets 
begrijpend lezen en een toets wereldoriëntatie in. Hun ouders (n = 1562) en leerkrachten (n = 
1255) kregen ook een vragenlijst. De data zijn geanalyseerd aan de hand van multilevel 
hiërarchische regressieanalyse. 
Met het oog op het tweede onderzoeksdoel is een literatuurstudie en een gevalsstudie van de 
meertalige digitale leeromgeving E-Validiv uitgevoerd (Hoofdstuk 3). De literatuurstudie vormt 
de basis voor de voorstelling en bespreking van een verzameling ontwerprichtlijnen. Deze 
kunnen helpen in de ontwikkeling van digitale leeromgevingen die erop gericht zijn 
kennisverwerving te ondersteunen in talig diverse klascontexten. Hierbij ligt de nadruk in het 
bijzonder op de manier waarop de thuistaal van meertalige leerlingen kan geïntegreerd worden 
in een digitale leeromgeving. Daarnaast geeft de voorstelling van E-Validiv weer hoe deze 
ontwerprichtlijnen in de praktijk kunnen omgezet worden. 
Voor de realisatie van het derde onderzoeksdoel zijn drie verschillende studies opgezet, 
waarvan twee met een kwantitatief onderzoeksopzet en één met een kwalitatief 
onderzoeksopzet. In de eerste studie lag de nadruk op de tijd besteed aan de inhoud in beide 
talen en het gebruik van de taalswitchknop om van de ene naar de andere taal over te schakelen 
(Hoofdstuk 4). Het hoofddoel van deze studie was tweeledig. Enerzijds werd het gebruik van de 
tweetalige inhoud vastgesteld in één subthema in E-Validiv aan de hand van beschrijvende 
analyses op logbestanden. Anderzijds werd nagegaan welke leerlingkenmerken en 
klaskenmerken verband houden met de tijd besteed aan de inhoud in beide talen en de activiteit 
van code-switching. Hiervoor werden leerlingkenmerken meegenomen op het vlak van de 
thuistaal, achtergrond en leerprestaties. De klaskenmerken die in rekening werden gebracht 
richtten zich op de aanwezigheid van talige diversiteit in de klas en het positief gebruik van 
talige diversiteit door de leerkracht. Aan de hand van multilevel hiërarchische regressieanalyse 
werd de activiteit in E-Validiv van 250 leerlingen uit het vierde leerjaar geanalyseerd. 
Een tweede studie (Hoofdstuk 5) richtte zich enerzijds op het vaststellen van het gebruik van 
de tweetalige auditieve ondersteuning in E-Validiv door middel van text-to-speech technologie. 
Dit werd gerealiseerd aan de hand van beschrijvende analyses op logbestanden. Anderzijds 
werd onderzocht of leerlingkenmerken met betrekking tot de thuistaal, instructietaal, 
achtergrond en leerprestaties van de leerlingen verschillen kunnen verklaren in het gebruik van 
de tweetalige auditieve ondersteuning. Hiervoor werd multilevel hiërarchische regressieanalyse 
uitgevoerd op data van 360 leerlingen uit het vijfde leerjaar. 
De derde studie mikte erop meer inzicht te verkrijgen in de interactie met E-Validiv wanneer 
meertalige leerlingen hun thuistaal ter beschikking hebben en na te gaan wat hun redenen zijn 
voor het gebruik van de verschillende hulpmiddelen in de leeromgeving (Hoofdstuk 6). Hiervoor 
werden zes meertalige leerlingen uit het vijfde leerjaar gefilmd terwijl zij een subthema 
doorliepen in E-Validiv; hun activiteiten werden gelogd. Nadien werden zij geïnterviewd door 
middel van stimulated recall over de manier waarop zij hun thuistaal en de verschillende 
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hulpmiddelen hadden gebruikt in de leeromgeving; de video-opnames deden hierbij dienst als 
input. De kwantitatieve data van de logbestanden werden gekoppeld aan een inhoudsanalyse 
van de kwalitatieve interviewdata.  
Om het vierde onderzoeksdoel te realiseren, is het Validiv-project in zijn geheel geëvalueerd 
(Hoofdstuk 7). Een interventie met een pretest-posttestdesign werd opgezet, waarbij de 
integratie van de thuistaal van meertalige leerlingen in de schoolcontext door middel van 
verschillende tools (nl. E-Validiv, Validiv Bagage, Schoolbeleidsgids) centraal stond. Voor en na 
de interventie kregen de leerlingen een achtergrondvragenlijst, een toets begrijpend lezen en 
een toets wereldoriëntatie; de posttest bevatte tevens een toets cognitieve vaardigheid. De 
interventie vond plaats in twee opeenvolgende schooljaren, waarin leerlingen werden gevolgd 
van het midden van het vierde leerjaar tot en met het einde van het vijfde leerjaar. Terwijl 29 
scholen willekeurig werden toegekend aan de interventieconditie, traden 31 scholen op als 
controlescholen. Het centrale doel van deze studie bestond erin na te gaan of het Validiv-project 
een bijdrage heeft geleverd aan zowel de leerprestaties als het sociaal-emotioneel welzijn van 
meertalige leerlingen. De focus lag hierbij respectievelijk op prestaties wereldoriëntatie en 
schaamte om de thuistaal te gebruiken. In totaal zijn data van 865 meertalige leerlingen 
geanalyseerd. Voor de afhankelijke variabele prestaties wereldoriëntatie werd multilevel 
hiërarchische regressieanalyse toegepast; voor de afhankelijke variabele schaamte om de 
thuistaal te gebruiken werd een beroep gedaan op multilevel binomiale logistische 
regressieanalyse. Om de intensiteit van de implementatie van het Validiv-project na te gaan, 
werd op leerlingniveau de intensiteit van het gebruik van E-Validiv in rekening gebracht; op 
schoolniveau werd de intensiteit van het gebruik van het geheel van Validiv-tools meegenomen. 
 
3. Overzicht en discussie van de voornaamste bevindingen 
3.1 Onderzoeksdoel 1: Leerling- en schoolkenmerken die verband houden 
met prestaties wereldoriëntatie 
De bevindingen van de eerste studie (Hoofdstuk 2) tonen aan dat vooral leerlingkenmerken 
gerelateerd zijn aan prestaties wereldoriëntatie. Ten eerste blijken meertalige leerlingen meer 
moeite te hebben om sterk te presteren op wereldoriëntatie in vergelijking met hun 
Nederlandstalige klasgenoten. Dit stemt overeen met vroeger onderzoek (bv. Bellens et al., 
2013; Martin et al., 2012; OECD, 2009) en biedt bewijs voor de dubbele uitdaging waarvoor 
meertalige leerlingen staan (Goldenberg, 2008). Net zoals Nederlandstalige leerlingen moeten 
zij het specifieke taalregister dat op school gebruikt wordt onder de knie krijgen, onder andere 
om wetenschappelijke kennis en vaardigheden te verwerven. Dit schoolse taalregister wordt 
gekenmerkt door een complexe woordenschat en grammatica, een hoog niveau van abstractie, 
een onderliggende aanname van causaliteit en beperkte contextuele ondersteuning (Van den 
Branden, 2010). Dit vergt een gevorderd niveau van vaardigheid in de instructietaal (Curenton & 
Justice, 2004; Fang, 2006). Meertalige leerlingen moeten dit taalregister echter verwerven in de 
instructietaal, terwijl zij deze vaak ook nog niet ten volle beheersen (Goldenberg, 2008). 
Daarnaast speelt vaardigheid in de instructietaal een belangrijke rol in prestaties 
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wereldoriëntatie: hoe sterker leerlingen presteren voor begrijpend lezen en hoe hoger hun 
zelfwaargenomen vaardigheid in de instructietaal, hoe sterker hun prestaties wereldoriëntatie. 
Investeren in leergebieden zoals wereldoriëntatie kan dus een belangrijke bijdrage leveren aan 
de ontwikkeling van vaardigheid in de instructietaal (cf. O’Reilly & McNamara, 2007; Taboada, 
2012). Verder behalen jongens hogere scores voor wereldoriëntatie dan meisjes (cf. Maerten-
Rivera, Myers, Lee & Penfield, 2010), net als leerlingen uit gezinnen met een hogere sociaal-
economische status (cf. Duncan, Yeung, Brooks-Gunn, & Smith, 1998). 
Met betrekking tot de schoolkenmerken blijken leerlingen sterker te presteren voor wereld-
oriëntatie wanneer zij op een school zitten waar leerkrachten hogere onderwijsbaarheids-
verwachtingen hebben van hun leerlingen (cf. Agirdag, Van Avermaet, & Van Houtte, 2013). Deze 
verwachtingen van leerkrachten hangen ook sterk negatief samen met het aandeel meertalige 
leerlingen op een school. Dit wijst erop dat leerkrachten op een school met een hoog aantal 
meertalige leerlingen lagere verwachtingen hebben van hun leerlingen.  
Deze studie vormt de basis voor de overige studies, aangezien zij aangeeft dat leerlingen die 
thuis een andere taal spreken dan de instructietaal met meer uitdagingen geconfronteerd 
worden om sterk te presteren voor wereldoriëntatie. Hierbij is het belangrijk om na te gaan wat 
mogelijke opties zijn om de thuistaal te integreren als een ondersteuning in het leerproces door 
middel van onderwijstechnologie, en meer bepaald digitale leeromgevingen.  
 
3.2 Onderzoeksdoel 2: Een meertalige digitale leeromgeving voor de 
ondersteuning van kennisverwerving in het leergebied wereldoriëntatie 
Hoewel digitale leeromgevingen een veelbelovend middel zijn om de thuistaal van meertalige 
leerlingen te integreren in hun leerproces als ondersteuning en zo functioneel meertalig leren te 
realiseren, is het onderzoek naar dergelijke leeromgevingen nog beperkt. Bovendien worden de 
onderliggende theoretische aannames van het ontwerp van zulke digitale leeromgevingen vaak 
niet geëxpliciteerd. Een breder begrip hiervan is noodzakelijk om de ontwikkeling te stimuleren 
van digitale leeromgevingen die gericht zijn op kennisverwerving in talig diverse contexten.  
Op basis van een literatuurstudie zijn in Hoofdstuk 3 negen verschillende ontwerprichtlijnen 
geformuleerd en besproken. Deze kunnen bijdragen aan het ontwerp en de ontwikkeling van 
digitale leeromgevingen om kennisverwerving in talig diverse klassen te bevorderen en in het 
bijzonder de thuistaal van meertalige leerlingen te integreren als ondersteuning voor hun 
leerproces. De ontwerprichtlijnen zijn georganiseerd in drie clusters, die respectievelijk 
focussen op talige diversiteit, leren en instructie. Deze opdeling is gebaseerd op drie aannames, 
namelijk dat rekening moet gehouden worden met inzichten over de manier waarop de thuistaal 
van meertalige leerlingen kan geïntegreerd worden in een digitale leeromgeving (bv. Clark et al., 
2012), dat digitale leeromgevingen moeten aansluiten bij de tot nu toe opgebouwde kennis over 
hoe het menselijk geheugen werkt (Mayer, 2010) en dat instructie het kader moet creëren om 
leren te faciliteren (Spector, Johnson, & Young, 2014). De cluster rond talige diversiteit 
bespreekt de nood om de thuistaal van meertalige leerlingen als een volwaardige partner aan te 
spreken, de transfer tussen talen en het nut van het aanbieden van een combinatie van visuele 
en auditieve input in digitale leeromgevingen met meertalige inhoud. De cluster rond leren 
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benadrukt individuele kennisverwerving en –verwerking, evenals het belang van zelfregulerend 
leren. Leerlingen worden in een digitale leeromgeving immers aangesproken op hun 
verantwoordelijkheid om hun leerproces zelf in handen te nemen. De cluster rond instructie 
concentreert zich op het belang van het bieden van structuur en begeleiding. Daarnaast gaat 
deze cluster dieper in op de nood om de voorkennis van leerlingen aan te spreken zodat zij 
betekenisvolle connecties kunnen maken met nieuwe inhouden.  
Naast de bespreking van de ontwerprichtlijnen geeft Hoofdstuk 3 ook een illustratie van hoe 
deze richtlijnen kunnen vertaald worden in de praktijk. Hiervoor wordt de digitale leeromgeving 
E-Validiv besproken, die centraal staat in dit proefschrift. E-Validiv biedt een breed aanbod aan 
thema’s en daaraan gekoppelde subthema’s binnen het leergebied wereldoriëntatie voor 
leerlingen in het vierde en vijfde leerjaar. Zowel in de Nederlandstalige als in de internationale 
context is E-Validiv uniek omwille van het meertalige karakter van de leeromgeving: alle inhoud 
is beschikbaar in zeven verschillende talen, namelijk in het Nederlands, Engels, Frans, Italiaans, 
Pools, Spaans en Turks. Een leerling heeft altijd toegang tot precies dezelfde inhoud in twee 
talen: enerzijds krijgt elke leerling de informatie aangeboden in de instructietaal (i.c., 
Nederlands), anderzijds heeft hij/zij ook toegang tot de inhoud in een van de zes andere talen. 
De andere taal wordt vastgelegd op basis van de talige achtergrond of de voorkeur van de 
leerling.  
De opbouw van E-Validiv en het aanbod van verschillende hulpmiddelen geeft aan waarom 
onderwijstechnologie de talige diversiteit in de klas kan ondersteunen. Ten eerste is een 
inclusieve klasaanpak mogelijk door de variatie aan beschikbare talen. Voor meertalige 
leerlingen die hun thuistaal beschikbaar hebben in E-Validiv wordt de andere taal vastgelegd op 
hun thuistaal. Zo kunnen zij een beroep doen op hun thuistaal om hun leerproces in de 
instructietaal te ondersteunen. Nederlandstalige leerlingen en meertalige leerlingen die hun 
thuistaal niet beschikbaar hebben in E-Validiv krijgen toegang tot een taal waarvan zij al noties 
hebben, wat mogelijkheden biedt voor initiatie in die vreemde taal. Ten tweede wordt 
authentieke inhoud aangeboden in de verschillende talen, zowel in een visuele als auditieve 
modaliteit (cf. Dalton & Strangman, 2006). Deze combinatie van geschreven tekst met gesproken 
woorden kan de beperkte capaciteit van het werkgeheugen uitbreiden (Sweller & Chandler, 
1994). Aangezien meertalige leerlingen hun thuistaal bovendien vaak in een gesproken vorm 
gebruiken, zou het louter aanbieden van geschreven inhoud in de thuistaal hun leerproces 
eerder kunnen blokkeren dan stimuleren. Auditieve ondersteuning van de geschreven tekst 
door middel van text-to-speech technologie hen helpen om de inhoud in hun thuistaal 
toegankelijker te maken en dus te focussen op betekenisconstructie. Ten derde worden de 
relevante acties van leerlingen binnen de digitale leeromgeving geregistreerd en opgeslagen 
door middel van een logsysteem dat in de achtergrond van het programma loopt (cf. Butler & 
Lumpe, 2008; Hannafin & Land, 1997). Dit kan meer inzicht verschaffen in leerprocessen in actie 
(Hadwin & Winne, 2001; Pea, 2004). Ten vierde houdt het gebruik van digitale leeromgevingen 
een verschuiving in van een leerkrachtgestuurde naar een meer leerlinggerichte benadering 
(Wong, Li, Choi, & Lee, 2008). Leerlingen werken zelfstandig en op hun eigen tempo, terwijl ze 
kunnen beslissen welke stappen ze ondernemen om een taak tot een goed einde te brengen. Dit 
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impliceert dat hun vermogen tot zelfregulerend leren in sterke mate aangesproken wordt 
(Dalton & Proctor, 2007). Tot slot biedt E-Validiv leerkrachten de mogelijkheid om op een 
beschermde manier aan de slag te gaan met talige diversiteit in de klas en in het bijzonder de 
thuistaal van meertalige leerlingen te integreren als een bron om te leren.  
Met de bijdrage in Hoofdstuk 3 zijn de theoretische rationale en de daarmee samenhangende 
opvattingen omtrent het ontwerp van E-Validiv verduidelijkt. De formulering van de 
ontwerprichtlijnen is het resultaat van een samenspel tussen theoretische inzichten aan de hand 
van een literatuurstudie, praktische overwegingen en empirische bevindingen op basis van 
onderzoek naar de digitale leeromgeving E-Validiv. Deze combinatie verzekert dat de richtlijnen 
hun grondslag vinden in zowel theorie als praktijk. Hoewel deze richtlijnen niet exhaustief zijn, 
vormen zij een basis voor de verdere ontwikkeling van digitale leeromgevingen die erop gericht 
zijn de prestatiekloof tussen meertalige en Nederlandstalige leerlingen te overbruggen door 
ondersteuning te bieden in de thuistaal van meertalige leerlingen. 
 
3.3 Onderzoeksdoel 3: Leerling- en klaskenmerken die verband houden met 
het gebruik van tweetalige inhoud in de meertalige digitale leeromgeving 
Het derde onderzoeksdoel focust op het gebruik van de tweetalige inhoud in E-Validiv. Hiervoor 
wordt respectievelijk dieper ingegaan op de tijd besteed in de instructietaal en de andere taal 
(namelijk de thuistaal voor meertalige leerlingen en een vreemde taal voor Nederlandstalige 
leerlingen) en de activiteit van code-switching (Hoofdstuk 4); het aanwenden van de tweetalige 
auditieve ondersteuning door middel van text-to-speech technologie (Hoofdstuk 5); en de 
interactie met de digitale leeromgeving in combinatie met de redenen om een beroep te doen op 
de thuistaal en de geïntegreerde hulpmiddelen (Hoofdstuk 6).  
De bevindingen in Hoofdstuk 4 geven aan dat vooral leerlingkenmerken met betrekking tot 
de thuistaal een rol spelen in het gebruik van de tweetalige inhoud. Meertalige leerlingen 
besteden meer tijd aan de inhoud in hun thuistaal in vergelijking met de tijd die 
Nederlandstalige leerlingen in de vreemde taal doorbrengen. Toch blijven meertalige leerlingen 
hoofdzakelijk gericht op de inhoud in de instructietaal. Dit geeft aan dat zij vooral een beroep 
doen op hun thuistaal als een ondersteuning voor hun leerproces (Clark et al., 2012; Jiménez et 
al., 1996; Msimanga & Lelliot, 2014). Bovendien maken meertalige leerlingen die zichzelf hoog 
inschatten voor de taalvaardigheid in hun thuistaal meer gebruik van de inhoud in hun thuistaal 
dan meertalige leerlingen die niet zoveel vertrouwen hebben in de competentie in hun thuistaal. 
Dit impliceert dat leerlingen die zich meer vertrouwd voelen in hun thuistaal deze mogelijk meer 
aanspreken als een hulp voor hun leerproces.  
Zowel meertalige als Nederlandstalige leerlingen switchen naar de inhoud in de andere taal. 
Terwijl meertalige leerlingen dus hun thuistaal aanwenden, besteden Nederlandstalige 
leerlingen ook tijd aan de inhoud in de vreemde taal. Aangezien Nederlandstalige leerlingen 
vaak al noties hebben van de vreemde taal waar ze toegang toe hebben (Declercq et al., 2012), 
stimuleert dit mogelijk hun metalinguïstisch bewustzijn. De resultaten geven ook aan dat 
leerlingen die hoog scoren voor wereldoriëntatie meer tijd spenderen aan de inhoud in de 
instructietaal dan in de andere taal en meer switchen naar de instructietaal. Nederlandstalige 
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leerlingen die het al goed doen voor wereldoriëntatie zijn dus mogelijk minder geneigd om te 
switchen naar de inhoud in de vreemde taal; sterk presterende meertalige leerlingen hebben er 
waarschijnlijk minder behoefte aan om een beroep te doen op hun thuistaal. Mogelijk hebben zij 
reeds een goed begrip van de inhoud in de instructietaal.  
Met betrekking tot de activiteit van code-switching, geoperationaliseerd als het gebruik van 
de taalswitchknop om van de ene naar de andere taal te gaan, blijkt er geen verschil te zijn in de 
manier waarop meertalige en Nederlandstalige leerlingen de taalswitchknop gebruiken. 
Nochtans is code-switching een vaardigheid die vooral door meertaligen vaak toegepast wordt 
(bv. Unamuno, 2008). Daarnaast benaderen jongens en meisjes de tweetalige inhoud in E-Validiv 
op dezelfde manier, net zoals leerlingen met een verschillende sociaal-economische 
achtergrond. Bovendien blijkt het niet uit te maken of leerlingen een sterk of zwak niveau halen 
voor begrijpend lezen in de instructietaal. Deze bevinding verschilt van ander onderzoek dat 
toont dat het niveau van begrijpend lezen wel degelijk een impact heeft op de manier waarop de 
inhoud in digitale leeromgevingen benaderd wordt (Moreno & Durán, 2004; Snow, Jackson, & 
McNamara, 2014). Tot slot zijn verschillen vastgesteld tussen klassen met betrekking tot het 
gebruik van de tweetalige inhoud in E-Validiv. De onderzochte kenmerken, namelijk de 
aanwezige talige diversiteit in de klas onder de leerlingen en het positief gebruik van talige 
diversiteit door de leerkracht, kunnen deze verschillen echter onvoldoende verklaren. 
Wat betreft het gebruik van de tweetalige auditieve ondersteuning tonen de resultaten in 
Hoofdstuk 5 dat meertalige leerlingen die in E-Validiv toegang hebben tot hun thuistaal text-to-
speech meer gebruiken in hun thuistaal dan Nederlandstalige leerlingen, voor wie de andere taal 
een vreemde taal is. Dit is in lijn met onderzoek dat aangeeft dat auditieve ondersteuning vooral 
meertalige leerlingen kan ondersteunen (Adesope & Nesbit, 2012; Kalyuga, 2012). In 
overeenstemming met de tijd gespendeerd aan beide talen besteden leerlingen wel het meeste 
tijd aan de auditieve ondersteuning in de instructietaal. Deze focus op text-to-speech in de 
instructietaal kan meertalige leerlingen helpen om hun taalvaardigheid in deze taal verder op te 
bouwen, aangezien naast lezen de mondelinge taalontwikkeling een belangrijke rol speelt in het 
verwerven van taalvaardigheid in een bepaalde taal (August & Shanahan, 2006). 
Zowel Nederlandstalige als meertalige leerlingen die zichzelf niet zo hoog inschatten voor 
hun thuistaal (respectievelijk Nederlands of een andere taal) gebruiken de auditieve 
ondersteuning meer in de instructietaal, vergeleken met leerlingen die een sterk vertrouwen 
hebben in de vaardigheid in hun thuistaal. Onderzoek toont echter aan dat juist leerlingen met 
een zwak vaardigheidsniveau in een bepaalde taal voordeel kunnen halen uit de gecombineerde 
input van tekst op het scherm en gesproken woorden (Chang, Tseng, & Tseng, 2011). Leerlingen 
gebruiken de auditieve ondersteuning ook meer in het Nederlands wanneer zij vaak boeken 
lezen in het Nederlands en veel kijken naar Nederlandstalige televisieprogramma’s. 
Waarschijnlijk voelen deze leerlingen zich het meest vertrouwd in het gebruik van text-to-
speech in de instructietaal (cf. Leppänen, Aunola, & Nurmi, 2005; Webb & Rodgers, 2009). 
Verschillen in leesprestaties in de instructietaal blijken geen rol te spelen in het gebruik van 
text-to-speech in een van beide talen. Hoewel ander onderzoek aangeeft dat leerlingen met een 
zwakke voorkennis meer voordeel halen uit audiovisuele presentaties (bv. Leslie, Low, Jin, & 
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Sweller, 2012), geeft deze studie evenmin aan dat voorkennis op het vlak van wereldoriëntatie 
ertoe doet voor het gebruik van de auditieve ondersteuning in een van beide talen. Bovendien 
gebruiken jongens en meisjes de tweetalige text-to-speech op een gelijkaardige manier, net zoals 
leerlingen met een verschillende sociaal-economische achtergrond. Hoewel verschillen op 
klasniveau zijn vastgesteld, kunnen de beschikbare data onvoldoende verklaring bieden voor 
deze verschillen. 
De kwalitatieve studie in Hoofdstuk 6 bevestigt dat meertalige leerlingen de meeste tijd in E-
Validiv besteden aan de inhoud in de instructietaal. Ze switchen naar de inhoud in hun thuistaal, 
maar slechts occasioneel. De belangrijkste reden om over te schakelen van de instructietaal naar 
de thuistaal is om begrip te bevorderen, bijvoorbeeld wanneer leerlingen de betekenis van een 
woord niet begrijpen in de instructietaal (cf. Ferguson, 2003). Meertalige leerlingen gebruiken 
hun thuistaal dus vooral als informatiebron, waardoor het een opstap wordt om hun leerproces 
in de instructietaal te ondersteunen. Daarnaast geven zij aan dat de auditieve ondersteuning 
door middel van text-to-speech technologie een nuttig hulpmiddel is om hun begrip te 
versterken. Het digitale notitieboekje wordt ook gebruikt, vooral om belangrijke inhoud te 
benadrukken, nieuwe informatie te verwerken en oefeningen te helpen oplossen. 
Meertalige leerlingen ervaren echter ook drempels om hun thuistaal in te zetten (cf. Jiménez 
et al., 1995). Zij hebben bijvoorbeeld moeite met het typische schoolse taalregister in zowel de 
instructietaal als hun thuistaal (Cummins, 2008; Goldenberg, 2008): wanneer ze een concept 
niet begrijpen in de instructietaal kan hun thuistaal hen soms evenmin ondersteuning bieden om 
tot een sterker begrip te komen. Aangezien meertalige leerlingen hun thuistaal vooral in 
informele contexten gebruiken buiten de school is het schoolse taalregister in hun thuistaal vaak 
niet zo sterk ontwikkeld (Van Avermaet, Slembrouck, & Simon-Vandenbergen, 2015; Verhoeven, 
1990). Daarnaast voelen meertalige leerlingen zich niet altijd vaardig genoeg in hun thuistaal om 
deze aan te wenden als ondersteuning. Maar mogelijk hebben juist de zwak presterende 
meertalige leerlingen met een lage zelfwaargenomen vaardigheid in hun thuistaal de meeste 
behoefte aan ondersteuning in hun thuistaal (cf. Clarebout, Elen, Johnson, & Shaw, 2002; Proctor, 
Dalton, & Grisham, 2007). Aangezien zij overtuigd zijn dat hun vaardigheden in die taal 
onvoldoende zijn, beschouwen zij hun thuistaal waarschijnlijk niet als een hulpmiddel om te 
leren (Gort, 2012; Kenner et al., 2008). Sommige meertalige leerlingen stellen ook dat ze 
bekwamer zijn in de instructietaal dan in hun thuistaal. Het gegeven dat ze schoollopen in een 
Nederlandstalige school speelt hier mogelijk een belangrijke rol in. De bredere schoolcontext 
moet wel in lijn zijn met het idee van een positieve benadering van talige diversiteit; anders zijn 
meertalige leerlingen wellicht niet geneigd om een beroep te doen op hun thuistaal (bv. Gort, 
2012; Storch & Wigglesworth, 2003).  
In het algemeen kan geconcludeerd worden dat meertalige leerlingen die toegang hebben tot 
hun thuistaal in een digitale leeromgeving in de context van de lessen wereldoriëntatie hun 
thuistaal functioneel aanwenden. Hun focus ligt hoofdzakelijk op het verwerven van kennis en 
vaardigheden in de instructietaal; hun thuistaal doet vooral dienst als een hulpmiddel om hun 
leerproces in de instructietaal te ondersteunen (cf. Jiménez et al., 1995, 1996; Sierens & Van 
Avermaet, 2014). Door meertalige leerlingen toe te laten hun thuistaal te gebruiken, kunnen zij 
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een beroep doen op de expertise die zij reeds hebben opgebouwd in die taal (Upton & Lee-
Thompson, 2001). Dit stelt meertalige leerlingen in staat om hun leerproces gaande te houden 
en een belangrijke stap verder te geraken, voorbij wat mogelijk zou geweest zijn als zij enkel de 
instructietaal hadden kunnen inzetten (Jiménez et al., 1995; Littlewood & Yu, 2011; Vygotsky, 
1978). Het toelaten van de thuistaal biedt meertalige leerlingen dus leerkansen die anders 
buiten hun bereik zouden liggen. De leerkracht kan hierin een belangrijke ondersteunende rol 
opnemen door de leerlingen te introduceren in de leeromgeving, hen te laten ervaren hoe ze de 
verschillende hulpmiddelen effectief kunnen inzetten in hun leerproces en de inhouden van E-
Validiv in te bedden in de bredere klaspraktijk (bv. Dalton & Proctor, 2007; Jiménez et al., 1995). 
Ook kan overwogen worden om in de digitale leeromgeving een zekere vorm van adaptiviteit in 
te bouwen om tegemoet te komen aan de specifieke behoeften van elke leerling. Daarnaast 
kunnen hulpmiddelen voorzien worden die gericht zijn op het toegankelijker maken van de 
inhoud (bv. woordenlijsten met uitleg van kernconcepten, informatieve figuren of animaties, 
strategie-instructie,…) (bv. Jiménez et al., 1996; Proctor et al., 2007). 
 
3.4 Onderzoeksdoel 4: Effect van een project gericht op de integratie van de 
thuistalen van meertalige leerlingen op hun prestaties wereldoriëntatie en 
sociaal-emotioneel welzijn 
De studie in Hoofdstuk 7 toont aan dat het Validiv-project in zijn geheel, en het gebruik van E-
Validiv in het bijzonder, nog niet op een aantoonbare manier heeft bijgedragen aan de prestaties 
wereldoriëntatie en het sociaal-emotioneel welzijn van meertalige leerlingen. Daarnaast spelen 
schaamtegevoelens met betrekking tot de thuistaal geen significante rol in de effectiviteit van 
het Validiv-project op de prestaties wereldoriëntatie. Het is wel vastgesteld dat hoe meer 
meertalige leerlingen schaamte ervaren met betrekking tot het gebruik van hun thuistaal, hoe 
zwakker zij scoren voor wereldoriëntatie. Bovendien hebben meertalige leerlingen die zichzelf 
niet zo hoog inschatten voor hun vaardigheid in de instructietaal een nog grotere kans om zich 
te schamen voor het gebruik van hun thuistaal. Meertalige leerlingen die gevoelens van 
schaamte ervaren met betrekking tot hun thuistaal lopen dus mogelijk aan tegen een aanzienlijk 
obstakel om sterke leerprestaties te behalen op het vlak van wereldoriëntatie (cf. Gort, 2012; 
Storch & Wigglesworth, 2003).  
Hoewel aangenomen werd dat de toegang tot de thuistaal via een digitale leeromgeving de 
prestatiekloof tussen meertalige leerlingen en Nederlandstalige leerlingen zou kunnen 
verkleinen, hebben we dit niet kunnen aantonen op basis van het huidige onderzoeksopzet. 
Verschillende verklaringen kunnen hiervoor naar voren geschoven worden. Ten eerste is een 
diepgaandere implementatie en een intensiever gebruik van de verschillende Validiv-tools 
nodig, zowel in de klaspraktijk als in de bredere schoolcontext. Mede door het beperkte aantal 
beschikbare computers op de scholen hebben de leerlingen slechts een beperkte tijd met E-
Validiv kunnen werken. Ten tweede hield de introductie van E-Validiv een innovatieve aanpak in 
voor zowel leerlingen als leerkrachten. Aangezien het aanwenden van de thuistaal van 
meertalige leerlingen niet wijdverspreid is in de Vlaamse schoolcontext was het voor veel 
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meertalige leerlingen de eerste keer dat zij hun thuistaal konden benutten om hun leerproces in 
het Nederlands te ondersteunen. Daarnaast moesten de leerlingen in de digitale leeromgeving in 
sterke mate verantwoordelijkheid nemen voor hun eigen leerproces. Mogelijk hebben deze 
aspecten ertoe geleid dat leerlingen zich nog niet comfortabel genoeg voelden om hun thuistaal 
ten volle te benutten en zo hun leerproces te versterken (cf. Gort, 2006; Storch & Wigglesworth, 
2003). Leerlingen hebben namelijk tijd nodig om hun thuistaal en de verschillende 
hulpmiddelen op een effectieve manier te leren inzetten en om ook vertrouwd te geraken met de 
technologische kant van een innovatie als E-Validiv (cf. Solis, Miciak, Vaughn, & Fletcher, 2014). 
Bovendien was het idee van de integratie van verschillende thuistalen in de klaspraktijk vaak 
niet in overeenstemming met de algemene eentalige benadering in de bredere schoolcontext. 
Investeringen in de professionele ontwikkeling van leerkrachten alsook in het opzetten van een 
schoolbrede aanpak rond het positief omgaan met talige diversiteit is noodzakelijk om 
functioneel meertalig leren door middel van onderwijstechnologie een plaats te geven in het 
onderwijsbeleid.  
 
4. Algemeen besluit 
Met dit proefschrift is een bijdrage geleverd aan het inzicht omtrent de waarde van 
onderwijstechnologie voor de ondersteuning van talige diversiteit in het basisonderwijs. Meer 
bepaald is het begrip bevorderd over de mogelijkheden van een digitale leeromgeving met een 
meertalig karakter om de thuistaal van meertalige leerlingen te integreren in de klaspraktijk.  
Dit proefschrift draagt ten eerste bij aan een breder inzicht in zowel leerling- als 
schoolkenmerken die verband houden met de prestaties wereldoriëntatie van leerlingen in het 
lager onderwijs, en in het bijzonder van meertalige leerlingen. Ten tweede vormt de 
ontwikkeling van en het onderzoek naar E-Validiv een belangrijke stap in het versterken van het 
begrip over hoe leerlingen met een verschillende talige achtergrond een digitale leeromgeving 
met een meertalig karakter benaderen. Door de focus op het gebruik van de tweetalige inhoud 
en de daaraan gekoppelde hulpmiddelen is in het bijzonder meer inzicht verworven in het 
functioneel gebruik van de thuistaal door meertalige leerlingen, de drempels die zij ervaren om 
er een beroep op te doen, en de wijze waarop zij kunnen ondersteund worden in het nastreven 
van hun leerdoelen in een digitale leeromgeving. Hierbij is aangetoond dat meertalige leerlingen 
zich in sterke mate toeleggen op de inhoud in de instructietaal. Zij wenden hun thuistaal vooral 
aan als een ondersteuning voor hun leerproces in de instructietaal: de kennis en vaardigheden 
die zij reeds hebben opgebouwd in hun thuistaal kunnen zij aanspreken als een waardevolle 
informatiebron voor de ontwikkeling van taalvaardigheid en de verwerving van leerinhouden, 
zowel in het Nederlands als in hun thuistaal. Ten derde verdiept het proefschrift het theoretisch 
begrip met betrekking tot het ontwerp van digitale leeromgevingen die erop gericht zijn 
kennisverwerving te versterken in talig diverse klassen door de formulering van een 
verzameling ontwerprichtlijnen. Deze combinatie van theoretische en empirische inzichten kan 
op haar beurt bijdragen aan het ontwerp van steeds effectievere digitale leeromgevingen Tot 
slot geeft het proefschrift inzicht in mogelijke sterktes en valkuilen voor de implementatie van 
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een grootschalig innovatieproject in onderwijs dat gericht is op het benutten van de aanwezige 
talige diversiteit.  
In het afsluitende hoofdstuk worden de resultaten van dit proefschrift besproken in het kader 
van zes brede thema’s, namelijk de thuistaal van meertalige leerlingen als ondersteuning; 
drempels die het gebruik ervan kunnen verhinderen; de waarde van onderwijstechnologie; de 
rol van de leerkracht; het waarderen van talige diversiteit voor iedereen; en een 
innovatieproject als een complex proces van verandering. Tevens worden beperkingen van het 
proefschrift besproken met betrekking tot de steekproef, het onderzoeksontwerp, de variabelen, 
de resultaten, de digitale leeromgeving en de context. Een van de voornaamste beperkingen is 
het cross-sectionele karakter van de meeste data, waardoor geen uitspraak kan gedaan worden 
over oorzakelijke verbanden. De beperkingen bieden tevens diverse mogelijkheden voor 
toekomstig onderzoek, onder andere door na te gaan of de bevindingen uit dit proefschrift 
kunnen bevestigd worden in verdere studies. 
Tot slot kunnen de bevindingen van dit proefschrift het debat stimuleren over hoe het 
onderwijsbeleid de huidige talige diversiteit kan aanwenden en in het bijzonder ruimte kan 
bieden aan de diverse thuistalen van meertalige leerlingen door middel van onderwijs-
technologie. Hierbij kan de bijna exclusieve focus op de instructietaal verschuiven naar een meer 
flexibel gebruik van de competenties die leerlingen hebben opgebouwd in hun thuistaal, naast 
de instructietaal. De ene taal hoeft de andere hierbij niet uit te sluiten, maar beide worden 
aangesproken voor een gedeeld doel, namelijk betekenisconstructie om het leren van alle 
leerlingen te versterken. Wij beschouwen de digitale leeromgeving E-Validiv als een van de 
mogelijke middelen die de leerkracht kan aanwenden om de thuistaal van meertalige leerlingen 
te integreren in hun leerproces en om terzelfdertijd het metalinguïstisch bewustzijn van alle 
leerlingen te stimuleren. Bovendien blijft het een potentiële route om de prestatiekloof tussen 
meertalige en Nederlandstalige leerlingen te overbruggen. Hierbij is het noodzakelijk om 
leerlingen te informeren op welke manier hun talige repertoire, en in het bijzonder de thuistaal 
van meertalige leerlingen, kan bijdragen aan hun leerproces; om professionele ondersteuning te 
voorzien voor leerkrachten; en om te investeren in een algemeen gedragen school- en 
beleidsvisie omtrent een positieve benadering van talige diversiteit. Meertalige leerlingen 
kunnen zo belangrijke leerkansen benutten, die ze zouden missen als ze alleen een beroep 
zouden kunnen doen op de instructietaal. Digitale leeromgevingen, zoals E-Validiv, zijn een 
veelbelovend middel om klaspraktijken te realiseren waarin de aanwezige talige diversiteit niet 
langer beschouwd wordt als een obstakel, maar aangewend wordt als een meerwaarde. 
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- address: Henri Dunantlaan 2, 9000 Ghent, Belgium 
- e-mail: johan.vanbraak@ugent.be 
 
If a response is not received when using the above contact details, please send an email to 
data.pp@ugent.be or contact Data Management, Faculty of Psychology and Educational 
Sciences, Henri Dunantlaan 2, 9000 Ghent, Belgium. 
 
 
2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported: 
Van Laere, E., Agirdag, O., & van Braak, J. (2016). Supporting science learning in linguistically 
diverse classrooms: Factors related to the use of bilingual content in a computer-based 
learning environment. Computers in Human Behavior, 57, 428-441. 
 
* Which datasets in that publication does this sheet apply to?: 
All 4 datasets used in the study 
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3. Information about the files that have been stored 
=========================================================== 
 
3a. Raw data 
----------------------------------------------------------- 
 
* Have the raw data been stored by the main researcher? [X] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
 
1. Student survey data 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): folder shared by members of Validiv-project on Dropbox; paper version 
stored in Department of Sociology (Ghent University) 
 
2. Parent survey data 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): folder shared by members of Validiv-project on Dropbox; paper version 
stored in Department of Sociology (Ghent University) 
 
3. Teacher survey data 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): folder shared by members of Validiv-project on Dropbox; paper version 
stored in Department of Sociology (Ghent University) 
 
4. Logfiles with activities in the computer-based learning environment E-Validiv  
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): Gearman Job Server (access through the website www.e-validiv.be with a 
personal account) 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
  - [X] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [X] other (specify): all members of the Validiv-project 
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3b. Other files 
----------------------------------------------------------- 
 
* Which other files have been stored? 
  - [X] file(s) describing the transition from raw data to reported results. Specify: SPSS-syntax 
files are available, showing the different steps that have been undertaken to transfer the 
logfiles to SPSS, to combine the four different datasets, to create new variables on the basis of 
the collected data, and to prepare the document for multilevel analyses.  
  - [X] file(s) containing processed data. Specify: SPSS-dataset files containing the merged 
datasets with the newly created and merged variables are available. 
  - [X] file(s) containing analyses. Specify: The stepwise multilevel analyses have been saved in 
MLwiN files, showing the different steps to come to the final model, as reported in the 
publication. 
  - [ ] files(s) containing information about informed consent  
  - [ ] a file specifying legal and ethical provisions  
  - [ ] file(s) that describe the content of the stored files and how this content should be 
interpreted. Specify: ...  
  - [ ] other files. Specify: ... 
 
* On which platform are these other files stored?  
  - [X] individual PC 
  - [ ] research group file server 
  - [ ] other: ...     
 
* Who has direct access to these other files (i.e., without intervention of another person)?  
  - [X] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [ ] other (specify): ...     
 
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [X] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation:  
   - e-mail:   
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% Data Storage Fact Sheet 3 
 
% Name/identifier study: Chapter 5 
% Author: Evelien Van Laere  
% Date: 7th January 2016 
 
 
1. Contact details 
=========================================================== 
 
1a. Main researcher 
----------------------------------------------------------- 
- name: Evelien Van Laere 
- address: Henri Dunantlaan 2, 9000 Ghent, Belgium 
- e-mail: evelien.vanlaere@ugent.be 
 
1b. Responsible Staff Member (ZAP)  
----------------------------------------------------------- 
- name: Johan van Braak 
- address: Henri Dunantlaan 2, 9000 Ghent, Belgium 
- e-mail: johan.vanbraak@ugent.be 
 
If a response is not received when using the above contact details, please send an email to 
data.pp@ugent.be or contact Data Management, Faculty of Psychology and Educational 
Sciences, Henri Dunantlaan 2, 9000 Ghent, Belgium. 
 
 
2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported: 
Van Laere, E., & van Braak, J. (2015). Auditory support to assist learning in linguistically diverse 
classrooms: Factors related to the use of bilingual text-to-speech technology. Manuscript 
submitted for publication. 
 
* Which datasets in that publication does this sheet apply to?: 
All 3 datasets used in the study 
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3. Information about the files that have been stored 
=========================================================== 
 
3a. Raw data 
----------------------------------------------------------- 
 
* Have the raw data been stored by the main researcher? [X] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
 
1. Student survey data 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): folder shared by members of Validiv-project on Dropbox; paper version 
stored in Department of Sociology (Ghent University) 
 
2. Parent survey data 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): folder shared by members of Validiv-project on Dropbox; paper version 
stored in Department of Sociology (Ghent University) 
 
3. Logfiles with activities in the computer-based learning environment E-Validiv  
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): Gearman Job Server (access through the website www.e-validiv.be with a 
personal account) 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
  - [X] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [X] other (specify): all members of the Validiv-project 
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3b. Other files 
----------------------------------------------------------- 
 
* Which other files have been stored? 
  - [X] file(s) describing the transition from raw data to reported results. Specify: SPSS-syntax 
files are available, showing the different steps that have been undertaken to transfer the 
logfiles to SPSS, to combine the three different datasets, to create new variables on the basis 
of the collected data, and to prepare the document for multilevel analyses.  
  - [X] file(s) containing processed data. Specify: SPSS-dataset files containing the merged 
datasets with the newly created and merged variables are available. 
  - [X] file(s) containing analyses. Specify: The stepwise multilevel analyses have been saved in 
MLwiN files, showing the different steps to come to the final model, as reported in the 
publication. 
  - [ ] files(s) containing information about informed consent  
  - [ ] a file specifying legal and ethical provisions  
  - [ ] file(s) that describe the content of the stored files and how this content should be 
interpreted. Specify: ...  
  - [ ] other files. Specify: ... 
 
* On which platform are these other files stored?  
  - [X] individual PC 
  - [ ] research group file server 
  - [ ] other: ...     
 
* Who has direct access to these other files (i.e., without intervention of another person)?  
  - [X] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [ ] other (specify): ...     
 
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [X] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation:  
   - e-mail:   
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% Data Storage Fact Sheet 4 
 
% Name/identifier study: Chapter 6 
% Author: Evelien Van Laere  
% Date: 7th January 2016 
 
 
1. Contact details 
=========================================================== 
 
1a. Main researcher 
----------------------------------------------------------- 
- name: Evelien Van Laere 
- address: Henri Dunantlaan 2, 9000 Ghent, Belgium 
- e-mail: evelien.vanlaere@ugent.be 
 
1b. Responsible Staff Member (ZAP)  
----------------------------------------------------------- 
- name: Johan van Braak 
- address: Henri Dunantlaan 2, 9000 Ghent, Belgium 
- e-mail: johan.vanbraak@ugent.be 
 
If a response is not received when using the above contact details, please send an email to 
data.pp@ugent.be or contact Data Management, Faculty of Psychology and Educational 
Sciences, Henri Dunantlaan 2, 9000 Ghent, Belgium. 
 
 
2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported: 
Van Laere, E., Rosiers, K., Van Avermaet, P., Slembrouck, S., & van Braak, J. (2015). What can 
technology offer to linguistically diverse classrooms? Using multilingual content in a computer-
based learning environment for primary education. Manuscript submitted for publication. 
 
* Which datasets in that publication does this sheet apply to?: 
All 4 datasets used in the study 
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3. Information about the files that have been stored 
=========================================================== 
 
3a. Raw data 
----------------------------------------------------------- 
 
* Have the raw data been stored by the main researcher? [X] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
 
1. Student survey data 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): folder shared by members of Validiv-project on Dropbox; paper version 
stored in Department of Sociology (Ghent University) 
 
2. Logfiles with activities in the computer-based learning environment E-Validiv  
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): Gearman Job Server (access through the website www.e-validiv.be with a 
personal account) 
 
3. Video and audio data of activities in the computer-based learning environment E-Validiv 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): shared server ‘validiv_kr’ of Kirsten Rosiers, who is co-author of the 
manuscript 
 
4. Video and audio data of stimulated recall sessions 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): shared server ‘validiv_kr’ of Kirsten Rosiers, who is co-author of the 
manuscript 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
  - [X] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
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  - [X] other (specify): Kirsten Rosiers (kirsten.rosiers@ugent.be), who is co-author of the 
manuscript 
    
 
3b. Other files 
----------------------------------------------------------- 
 
* Which other files have been stored? 
  - [X] file(s) describing the transition from raw data to reported results. Specify: SPSS-syntax 
files are available, showing the different steps that have been undertaken to transfer the 
logfiles to SPSS and to create new variables on the basis of the collected data.  
  - [X] file(s) containing processed data. Specify: All stimulated recall sessions were transcribed 
and stored as word files. 
  - [X] file(s) containing analyses. Specify: The cross-case analysis of content features in the 
stimulated recall sessions is available on paper and in a NVivo-file.  
  - [ ] files(s) containing information about informed consent  
  - [ ] a file specifying legal and ethical provisions  
  - [ ] file(s) that describe the content of the stored files and how this content should be 
interpreted. Specify: ...  
  - [ ] other files. Specify: ... 
 
* On which platform are these other files stored?  
  - [X] individual PC 
  - [ ] research group file server 
  - [X] other: The word files containing the transcription of the stimulated recall sessions and the 
Nvivo-file are also available on the PC of Kirsten Rosiers, who is co-author of the manuscript. 
 
* Who has direct access to these other files (i.e., without intervention of another person)?  
  - [X] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [X] other (specify): Kirsten Rosiers (kirsten.rosiers@ugent.be), who is co-author of the 
manuscript 
 
 
4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [X] NO 
 
* If yes, by whom (add if multiple): 
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   - name:  
   - address:  
   - affiliation:  
   - e-mail:  
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% Data Storage Fact Sheet 5 
 
% Name/identifier study: Chapter 7 
% Author: Evelien Van Laere 
% Date: 7th January 2016 
 
 
1. Contact details 
=========================================================== 
 
1a. Main researcher 
----------------------------------------------------------- 
- name: Evelien Van Laere 
- address: Henri Dunantlaan 2, 9000 Ghent, Belgium 
- e-mail: evelien.vanlaere@ugent.be 
 
1b. Responsible Staff Member (ZAP)  
----------------------------------------------------------- 
- name: Johan van Braak 
- address: Henri Dunantlaan 2, 9000 Ghent, Belgium 
- e-mail: johan.vanbraak@ugent.be 
 
If a response is not received when using the above contact details, please send an email to 
data.pp@ugent.be or contact Data Management, Faculty of Psychology and Educational 
Sciences, Henri Dunantlaan 2, 9000 Ghent, Belgium. 
 
 
2. Information about the datasets to which this sheet applies  
=========================================================== 
* Reference of the publication in which the datasets are reported: 
Van Laere, E., Van Der Wildt, A., Van Avermaet, P., Van Houtte, M., & van Braak, J. (2015). 
Recognizing linguistic diversity for learning: What does it mean for pupils’ science achievement 
and feelings of shame? Manuscript submitted for publication. 
 
* Which datasets in that publication does this sheet apply to?: 
All 5 datasets used in the study 
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3. Information about the files that have been stored 
=========================================================== 
 
3a. Raw data 
----------------------------------------------------------- 
 
* Have the raw data been stored by the main researcher? [X] YES / [ ] NO 
If NO, please justify: 
 
* On which platform are the raw data stored? 
 
1. Student survey data 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): folder shared by members of Validiv-project on Dropbox; paper version 
stored in Department of Sociology (Ghent University) 
 
2. Parent survey data 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): folder shared by members of Validiv-project on Dropbox; paper version 
stored in Department of Sociology (Ghent University) 
 
3. Teacher survey data 
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): folder shared by members of Validiv-project on Dropbox; paper version 
stored in Department of Sociology (Ghent University) 
 
4. School survey data  
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): folder shared by members of Validiv-project on Dropbox; paper version 
stored in Department of Sociology (Ghent University) 
 
5. Logfiles with activities in the computer-based learning environment E-Validiv  
  - [X] researcher PC 
  - [ ] research group file server 
  - [X] other (specify): Gearman Job Server (access through the website www.e-validiv.be with a 
personal account) 
 
Data storage fact sheets 
 
302 
 
 
* Who has direct access to the raw data (i.e., without intervention of another person)? 
  - [X] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [X] other (specify): all members of the Validiv-project 
    
 
 
3b. Other files 
----------------------------------------------------------- 
 
* Which other files have been stored? 
  - [X] file(s) describing the transition from raw data to reported results. Specify: SPSS-syntax 
files are available, showing the different steps that have been undertaken to transfer the 
logfiles to SPSS, to combine the five different datasets, to create new variables on the basis of 
the collected data, and to prepare the document for multilevel analyses.  
  - [X] file(s) containing processed data. Specify: SPSS-dataset files containing the merged 
datasets with the newly created and merged variables are available. 
  - [X] file(s) containing analyses. Specify: The stepwise multilevel analyses have been saved in 
MLwiN files, showing the different steps to come to the final model, as reported in the 
publication. 
  - [ ] files(s) containing information about informed consent  
  - [ ] a file specifying legal and ethical provisions  
  - [ ] file(s) that describe the content of the stored files and how this content should be 
interpreted. Specify: ...  
  - [ ] other files. Specify: ... 
 
* On which platform are these other files stored?  
  - [X] individual PC 
  - [ ] research group file server 
  - [X] other: PC of Anouk Van Der Wildt, who is co-author of the manuscript 
 
* Who has direct access to these other files (i.e., without intervention of another person)?  
  - [X] main researcher 
  - [ ] responsible ZAP 
  - [ ] all members of the research group 
  - [ ] all members of UGent 
  - [X] other (specify): Anouk Van Der Wildt (anouk.vanderwildt@ugent.be), who is co-author of 
the manuscript 
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4. Reproduction  
=========================================================== 
* Have the results been reproduced independently?: [ ] YES / [X] NO 
 
* If yes, by whom (add if multiple): 
   - name:  
   - address:  
   - affiliation:  
   - e-mail:  
 
  
 
